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. is indicated by the title, this book is an elementary and 

Ijgeneral treatise. It deals with the telephone industry and the 

beading features of its development to the present time, in such 

i fashion and in such language as to enable the student and 

non-professional reader to derive an intelligent idea of 

l^broad facts and general principles. Of course, with such an 

I, aim in view, it cannot be claimed that the book will furnish all 

the details and formula; that may be required by the thoroughly 

equipped telephonist. Such facts, at best, can be mastered only 

after practical experience and careful training ; and, without 

this, no book can guarantee a thorough education in the pro- 

I fession of constructing and maintaining telephone plants. 

is claimed, however, that the information given is suffi- 
|:ciently full and precise to render the work useful as reference 
Ef^for the student or worker in telephony, and to furnish a good 
B<foundation for more extended study of the subject. Many 
l^Kccellcnt treatises on technical topics, in the effort to set forth 
1^11 there is to be known, surround the simplest facts with such 
r^maze of formula and difficult details that the beginner can 
■iKily with the utmost difficulty derive any kind of an intelligent 
(idea of the facts he must master. Such a method is opposed to 
St enlightened theories of education at the present day, 
irhich prescribe a plain and intelligible review of the subject 
an attempt is made to present a more advanced a.a<i 
^^tfchn'ical discussion. This is ihe luitctVo^ ^^^t Ev ■?. C. tA ■< 
^epbone is designed to serve. 




Vlll PREFACE. 

In the preparation of the work several noted authorities 
have been consulted, and their assistance is frequently acknowl- 
edged. In several cases the treatment of subjects closely 
parallels that used by other writers, with the exception that the 
plain facts of the case are given in language as far as possible 
adapted to non-professional comprehension, omitting such 
details as would be useful only to the most advanced students 
of the subject. 

Numerous manufacturers of telephones and supplies have 
rendered valuable assistance in enabling full and authoritative 
descriptions of their products and in furnishing cuts and illus- 
trations suitable to accompany them. As it happens to be the 
case in telephony, as also in about every other mechanical and 
electrical industry, that inventors and manufacturers are closely 
associated, the most important inventions to be described are 
proprietary articles and must be duly credited. In this connec- 
tion acknowledgments are due to the Western Telephone 
Construction Co., the Sterling Electric Co., the Keystone 
Electric Telephone Co., the Holtzer-Cabot Electric Co., the 
Couch & Seeley Co., the Ericsson Telephone Co., the Century 
Telephone Construction Co., and the Connecticut Telephone 
and Electric Co. 

Mr. Charles E. Monroe, of the Ericsson Telephone Co., has 
rendered important assistance in the preparation of this book by 
several suggestions of value and by reading the proofs. His 
kindness is hereby acknowledged. 
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CHAPTER ONE. 
THE TELEPHONE APPARATUS AND ITS OPERATION. 

The Telephone. — The telephone is an instrument for ihe 
transmission of articulate speech by the electric current. So if 
was described in the application and spccificalions on which, in 
1S76, Alexander Graham Bell was granted letters patent for his 
magnet telephone; and because of this fortunate furm of words, 
which covered the process as well as the device, he was able to 
maintain a complete monopoly of the telephone business, until 
the expiration of his patent rights, seventeen years later. 

Inventors of the Telephone. — Previous to the date of 
Bell's patent several experimenters had hit upon the idea of 
transmitting sound by the electric current — among these was 
Eiisha Grey— but as must seem strange at the present day all 
ihcse persons regarded their instruments as little more than 
scientific toys, or curiosities for exhibition purposes. Such, 
indeed, has been the experience of most of our great modern 
inventions; at first people doubted their possibility, then their 
utility, and were finally convinced of both only by practical 
demonstration. Now that the telephone has fully established 
claim to attention, and become a useful, even indispensable, 
icle in business and other concerns of life, it is desirable that 
'eryone should have some knowledge of its construction, 
operation and the theory upon which it (jepends. To serve 
such a purpose is the object of this book. 
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Dopivcjt'on of the Word. — The word, telephone, is foi 
from the two Greek words, tele, afar, and phonetH, to sound, ot 
to speak; and hence means the "far-speaker." Just so, we 
have the word, telegraph, from tch and gntphein, to write, with 
er," and telescope, from tde anAskopei 
to see, meaning "far-seer," The word 
was in use many years before Bell's in- 
vention; in fact, as early as 1820, when 
Charles Wheatslone, one of the first e 
perimenterson the theory of the electi 
telegraph, used it as the name of his 
devic; (or transmitting the sound of the 
voice to a considerable distance along a 
wooden rod. This contrivance proved 
more efficient than the "lovers' tele- 
e;raph," as it was called, the simplest 
form of acoustic telephone, consisting 
of two diaphragms closing, each an end 
of a tin can, connected by a taut string, 
which conveys the sound spoken into 
cither can to the opposite end of the 
line. The "lovers" telegraph" was 
described in a book written by Robert 
, _ _^ Hooke, an English scientist, as early as 

""■ 'iilioH^m^itui' "" 1667. 

The Apparatus.^Thc most familiar form of modern tele- 
phone apparatus is given in Fig. i, which shows its various 
parts to advantage. These are: a mounting-board bearing a 
closed box at top and bottom, a call-bell apparatus of two gongs 
to be operated by a crank shown at the right of the upper box; 
the receiving imtrumeiit hanging on a forked hook at the left; the 
transmuting instrument mounted below on a " rocker arm " 
having an up and down movement. 

How to Use the TelepKone. — To use the apparatus it 
is necessary, first, to brjskly turn the crank at the right of the 
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I tipper box. This causes the bells to ring, and also sends a cur- 
rent along llie line, which calls the operator at the central 
office. After " ringing up," remove the receiving iiisfriiinentiYom 
its hook and apply it Jo the ear; the hook relieved of the weight 
of the receiver, immediately springs up. Having applied this 
instrument to the ear, you will hear the "hello girl" at "cen- 
tral," asking, " what number ? " The names of all persons or 
firms having telephones are printed in the " Telephone Direc- 
tory, " which is to be found at every station, and each name 
has a number, by which the station may be called. Having 
previously found the number of the person with whom you wish 
to converse, you give it by sj'eaking into the trammitting insiriimeiit. 



levcr into the receiver. As soon ; 
between your line and his, in a manner 
to be explained later, you begin the 
conversation, always speaking into the 
transmitter and hearing the answers 
from the other end through the rudirr. 
On completing your conversation, you 
again hang the receiver on the hook, 
which is pulled downward by the 
weight, and having done this, " ring 
oR " by ajew rapid turns of the handle, 
again ringing the bells and thus infor- 
ming "central" that you are through 

^yith the line. 

H This is a simple ; 

t^any hundred times in 
how delicate and compl 
wonderful, almost mirai 
is thus transmitted ovei 



"have been 



lade 




, and one which s 



long. 

The Generator Box. — To gain ; 
various parts of a working telephone, 
may know of what we speak when e; 



; of us perform 

year ; yet very few ever stop to consider 
ated is the machinery used, or by what 
ilous, processes the sound of the voice 
I line of wire, maybe a thousand miles 



knowledge of the 
rdcr that the reader 
s described in detail, 
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:e, and giving names and uses. Thus, Fig. 3 shows 
r of the box we have already seen attached to the 
j upper end of the mounting-board in Fig. i. The door, 
I shown, opens on hinges at its right-hand edge, thus concealing 
I the crank of the calt-bcll previously mentioned. On the doi 
I just back of the bell gongs, is to be seen a small frame support- 




BwUch-houE, and the 



: masneU of tbr call bcU. 



ing an object resembling an ordinary spool, or rather t1| 
I them. This is an electro-magnet, and its function is ii 
F bell when an electric current is passed ihrough it, on 
I principle as is seen in the electric door bell. 

The Generator. — The object within the box, which 1 
[ sembles three upright posts, is the magneto-generator, consisting 1 
I of three "horse-shoe" magnets, here shown in side 
I Through their legs passes an " armature," a kind of metal reel 
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wound about with a long coil of wire. When this is turned by 
means of the crank, previously mentioned, an electric current is 
produced, or "generated," as the term is. This machine is, in 
fact, a small dynamo. 

The Calling Current. — The cur- 
rent passes from the generator through 
a wire attached to one of the hinges; 
ibence to the bcll-magnct; thence back inR^^T^rh/"™ »^mu 
□gain through a wire attached to the ^fh ihe'^eicciitra/mn^jetQr' 
other hinge, and out npon the line wire Z' 'h^'i "^^i^il^AlTJ^^i" 
to ihe central station, where it moves a X^^lVi^l^^^'^ "^'" "^"^ 
signal to inform the operator that your 

station is calling. The line wires are attached to two of the 
binding posts shown at the top of the box in F"ig. 2. 

Kiti, 5.— Single Pole Rewlver. Shell made of hnrd rut.her Wins ntlached 
la Ihe binding posts nt U>e tail end. 

kThe Hook Switch.— Directly in front of the magneto- 
erator is a lever, which passes through the side of the box 
and ends in the forked hook supporting the receiving instru- 
ment, as shown in Fig. i. It is known as the " hook-switch," 
and its use, as will be explained in a later chapter, is to switch 
the talking instruments into circuit, when it is in the raised 
position, and to break that circuit and switch in the call-bell 
generator again, when the receiver is restored to its hook. 

The Receiver. — Fig. 5 represents the receiver. At one 

end we see two binding-posts to receive wires which connect 

, JKijh the two binding-posts at the left of the row (i^ svi- -Oft^jX 
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are placed directly beneath the generator-box. The receiver is 
a magnet telephone of the kind invented and patented by Bell. 
Although many variations of the original instrument have since 
been devised by experimenters and manufacturers, none have 
improved materially on the original. The other speaking 
instrument, the transmitter, js made on a different principle. 




being a carbon microphone (or " sound-magnifier ") of the kia^ 
first devised by Mr. Edison. Both instruments, together wUfc' 
the many variations and improvements, will be fully explaim 
in the proper place. We are at present concerned with their 
outer appearance, and the functions they serve in the practical 
operation of the apparatus. 

The Transmitter and Induction Coil. — The ii^nal form 
of the transmitter, enclosi^d in a scmi-circuhir, or a cylindrical, 
case, surmounted by a bell-shaped mouthpiece, and supported 
at the end of a movable arm, is shown in Fig. 6. Wires run 
from it to the iron box at the base of the arm, and from this 
again other wires run from the four binding-posts shown in the 
figure, through the back of the mounting-board, to the remain- 
Jnff four binding-posts of the six beneat^^|^u;i:KTa.\Qc-V. 
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THE TELEPHONE APPARATUS. ^ 

The iron box contains an induclion coil, a very useful and 
wonderful piece of apparatus, whose principles would require a 
book for discussion Fig 7 shows the form usual to tele- 
phones. Thf r in ( u< Tis ' f ihe f \\r w trt-s lust mentioned may 




^be seen in Fig. S, two at either end. Two of them are con- 
fleeted, through the transmitting instrument, with a voltaic, or 
fchemical, battery contained in the box at the base of the 
inting-board, as shown in Fig. i. The other two are directly 




?cted to the line wires and carry the current used in 
hitting the sounds spoken into the mouthpiece of the i 



This brief description will give a ^uoi ^cwtt-^X \i.e.-i oV 
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parts of an oriHnary telephone apparatus. To fully 
understand the use of eacli one, and why all are " assembled " 
into one piece of machinery will involve a careful study of the 
whole theory of the telephone. This study, as we shall see, 
will require us to cover a wide range of scientific facts. For it 
that a complete understanding of telephony demands a 

ledge of nearly every othei 
al industry. 




CHAPTER TWO. 

A BRIEF SURVEY OF THE THEORY OF SOUND, NECES- 
SARY TO AN UNDERSTANDING OF THE TELEPHONE. 

The Transmutation of Energy. — Among the many mar- 
velous discoveries of modern science is what is known a^ the 
'' transmutation " of energy or force, that is, the fact that one 
force may under the proper conditions be changed into any 
otiier, "Transmutation " means "changing about." Thus 
heat may be transformed into electrical activity and chemical 
energies may become either the one or the other. Meat may 
result from friction (rubbing), or from chemical action, as we 
see in fire, where the process by which a substance is reduced 
to ashes is called "combustion," Again heat, and light also, 
result from electricity. In short, scientists tell us that heat, 
Jight and sound are all one and the same thing, differing only 
in degree. Thus, when we feel that a body is hot, warm or 
cold ; or when we see that light is brilliant, bright or dim ; or 
when wc hear a sound, and know that it is loud or indistinct, or 
differs from other sounds in representing a different musical 
note, we are only perceiving one fact, under different forms, and 
by different senses. 

The Solar Spectrum. — A good illustration of this fact 
is to be found by comparing the octave of a musical instrument 
with the solar spectrum, as seen in a rainbow, or when sunlight 
shines through a prism. Very different things indeed these 
may seem to most observers, but science compares them. The 
solar spectrum shows seven colors — violet, indigo, blue, green, 
yellow, orange and red — -in a row in the order given. But these 
i.nlnrs are not sharply separated from one another so that, for 
L-xample, we have blue on one side of a line and green on the 
other; they seem to meltintooneanother, passing through all the. 
possible shades and tints of each color, F\ittUfeT,'N?i\i.aNe,N\*:^<.\ ^ss- 
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one end of the line and red at the other. Now we know that 
in the arts violet is produced by a proper blending, of shades of 
reJ with shades of blue. Thus violet and indigo stand in the 
series between red and blue, just as green stands between, and 
is to be made by a blending of, blue and yellow, and orange 
stands between yellow and red. From these facts, we may 
understand what scientists mean when they say that the solar 
or light, spectrum is only one of a series of spectrums, each 
beginning with violet or what corresponds to it in some other 
form of force, and ending with red. 

The Musical Scale. — Now, turning to the musical scale, 
we have a fact precisely similar to the spectrum. Here we 
have another series of seven; sounds, which musicians name 
A, B, C, D, E, F, G, so that whenever we run over the notes in 
order, we find that every eighth note is the same sound as the 
one we began with, only higher or lower, nearer the bass or 
trebH, as the case may be. Now, we have beside the seven 
** naturals," as musicians call them, fiv^ other notes called half 
tones or ^* sharps " and ^* flats "—thus, ''B" sharp is **A" 
flat — and, furthermore, certain delicate instruments used by 
experimenters have demonstrated the fact that each simple note, 
as we suppose it to be, is in reality a bundle or collection of 
many separate tones or sounds, differing in pitch and also in 
loudness. 

The Qualities of Sounds. — The pitch of each separate 
note, as it affects the ear, is, in reality, only the pitch of the 
gravest and loudest of the collection, and it is called the 
** fundamental." The other sounds are called the ** overtones " 
or ** harmonics" and these, mingling with the fundamental, 
give the timbre or quality of the note, although, when we speak 
of timbre, we cannot by the ear separate the individual notes, 
which combine to produce its character, pleasing or displeasing. 
These overtones we may compare to the succession of shades by 
which one color of the spectrum passes almost imperceptibly 
into another, even while not interfering with the eye's sensation 
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of seven colors, In one kind of instrument, such as the piano, 
we have one set intensified, and in another, such as the violin, 
we have another set; and it is this fact that gives the character- 
istic difference between a piano and a violin note, although the 
" fundamentals " may be the same in both. Thus in a musical 
note the ear finds three things — the loudness of the note, its pitch 
or tone, and its timbre or quality. 



Octaves of Foiwe. — Having thus demonstrated that light 
and sound both follow one and the same law, scientists conclude 
that both are manifestations of the one force in nature. In 
other words they find that both are forces, manifestations of 
vibration in the air, in solid bodies, or in the finer "ether" 
which is believed to pervade both. As may be familiar to 
many, the difference between any two notes in one octave, and 
I between the same notes in two different octaves, is one of 
Vibration, slow or rapid. The par can perceive as " one tone," 
K sound consisting of less than 32 vibrations per second, and 
1 perceive a sound consisting of as many as 32,000 vibrations 
■ second. This represents a difference of fifteen octaves, 
the basis of the computed number of vibrations of the 
Rainiest ray of light, scientists have agreed to call the light area 
" fiftieth octave," thus giving the difference between what 
ear perceives and what the eye perceives, as thirty-five 
kitaves of vibrations in regular scale of increasing intensity in 
■tlltiples of 8. Moreover, we have no senses to perceive the 
pfects to be derived from the vibrations in ;in this wide range 
E the unknown. Such marvelous modern discoveries as the 
Koentgen, or "X," rays may give us some idea of the facts 
msing under conditions we cannot "sense." For, here we 
l&ve a power that can impress images on ihe sensitized fiim of 
iie photographic plate, although we cannot perceive it as we 
San perceive light. Yet, as if it were in a way a stronger 
tier form of light, it can pass its rays through the living 
body of an animal, showing the outlines of the bones, or of 
foreign substances, and impre&a Onese ou V^^t s.&tv.'iv'CvLtsi. ^^^«»> 
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or make them visible to the eye, when viewed through the 
** fluorescent " screen of calcium tungstatc, devised by that 
great genius, Thomas A. Edison. 

Reflected Sound; Resonance.^ — Accepting the scien- 
tific theory that sound is a **mode" or form of force and 
vibration, capable of producing on the ear a sensation we 
describe as ** hearing," we can readily understand that when we 
speak or make other sounds with the vocal organs we do some- 
thing more than expel air from the lungs. The air then used 
is merely the motive power which works the vocal cords and 
carries the vibrations they produce, high or low, loud or soft, 
into the atmosphere, where they appear as sounds to affect the 
ear. This process has a complete analogy in the experiments 
of striking a tight string or a bell, having a given tone, and 
observing that any other string, bell, or vessel capable of giving 
forth the same note when struck, will respond, being set in 
vibration by the sound waves that reach it. Thus, if we have 
a room full of bells, all of the same tone, and strike one, all 
will be set in vibration and begin to sound out the note belong- 
ing to them. If, however, there be bells in this collection that 
give forth a different note from the one struck, they will not 
respond. Such experiments prove that the true power of sound 
is not in the mere motion of the air but in the kind or quality 
of such motions; it is, in short, a question of the particular note 
sounded in a given case, and of its characteristic number of 
vibrations per second. 



>und Waves. — The way in which sound waves are set in 
motion may be understood from what occurs when Vvc throw a 
stone into the water. Then we see, first a commotion in the 
spot where the stone falls which at once becomes the center of 
a series of rings that move from it, growing larger and larger, 
as they are further away from the common center, and finally 
ceasing altogether. But sound waves originate in an object 
entirely surrounded with the atmosphere — we have heat and 
light waves from outside, from the sun, but no sounds — hence 
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we must conclude that they are not "on one plane," like 
the waves on the surface of the water, but producing a series of 
spheres of force in the air, consisting of alternate moving layers 
and quiet layers, moving out from one center, which is the 
instrument making the sound. In these alternate actiife and 




inactive layers of air, we have a condition like t 
water; first a " hump " and then a " trough," 

Thus we have the fact of "'sound waves," and their exist- 
ence is due to the fact that air, unlike water, may be compressed. 
That is to say, we ma/ by use ot a pumi^ pu''. a ■K^^'a'a q^ ■6-\"; 



14 



A B C OF THE TELEPHONE. 



many times the density of the atmosphere into a closed receptacle 
ar "condenser. " This is what is done wlien a bicycle tire is 
" blown np " with a hand pump, so that it becomes hard and 
(trm. But air has also " resistance ; " thus it is that one must 
use considerable strength in inflating a tire. 

Movements of Sound Waves. — These two t|ualities of 
nir unite in making sound waves possible. Take a closed lube, 
as shown in Fig. ii, in which a piston marked P can be worked 
back and forth. Suppose it is worked rapidly between the 






lines marked, aa and AA. When it moves in the direction of 
the arrow it slightly condenses the air in front of it, but because 
the air is at once compressible and resisting, this condensation 
does not aSect the air in the whole length of the tube, but only 
that between a and H, which is then called the " condensed 
wave." It has been demonstrated that when the first " layer " 
of air between a and H comes to rest its motion is imparted to 
the first "layer" of air between >/and /f ', and so on until the 
force exhausts itself. 

Now, when the piston, P, is drawn in the opposite direction, 
that is from n to >/, a vacuum, or air-vacancy, is produced be- 
hind it, causing the air lo expand there to fill it up. Thus, we 
■ have, as it were, a back movement, which, like the forward 
movement, is transmitted from a to If, from H^ to //', and so 
jn, giving us the alternate active and inactive (or reactive) 
■'layers," The forward movement of the piston from ^ to a 
shows exactly what is done when a sound of a note, a letter or 
a syllable comes out of the mouth in speaking. The back move- 
ment from a to A shows exactly what happens at the end of 
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Bat particular sound. Every sound is such a short and abrupt 
b'ward movement, due to the passage of a vocal sound through 
Be mouth, when the tinguc, palate and teeth are for a moment 

■ some particular relati/e position, as will be explained later. 

I Vowels and Consonants. — All the sounds called " con- 
Bnants " such as, B, C, D, F, G, etc., are short and explosive 

■ any one can find out; [hat is a consonant sound may not be 
■prolonged," or sounded for more than an instant. It is this 
fcrupt' ending that is like the back movement of the piston. 
■it there is another class of letters, called "vowels," such as 
ft E. O, U, which may be made to sound as long as we wish, 
fco certain "sonants," like M, N, L, R, S, Z, and Th. But, 
Bwe will notice, we will find that each of these makes a " buz- 
■ng " or vibration that may be felt in the teeth, or perceived by 
■e ear. This "buzzing" is due to the fact that each vowel or 
Bnant sound is made by a rapid series of " moves and stops " 
■ce the forward and back movements in the figure just 
Kscribcd. Thus in all sounds we have "hump " and "trough " 
bovements, like waves on water. 

L Waves of a Moving String.— This fact may be beautifully 
■ustrated by the experiment of striking a string drawn tight, 
B as to cause it to give out the note belonging to it. While it 
Bvibrating its sharp outlines are lost in the tremor that results, 
■d in the middle it seems to swell, "belly out" as they say, 
Hto a hazy spindle of agitated matter. The eye is incapable of 
Blowing all the swift changes of the string's movements, and 
Be result is a blur. If now, we make "riders," by bending 
port strips of light paper in the middle, and place them on the 
Kbrating string, one at a point one-third of the string's length 
km one end, and another midway between the two points, we 
Bl find that the first "rider" will remain on the string, being 
Biy slightly agitated, while the second will be thrown off like 
Hstone out of a sling. Or, if we place sharpened blocks 
Keath at points one-third and two-thirds the length of the 
Kng, we will find tJiat they do nol maletva.W'^ W^.e.^^.tie. '«"i.'i^ 
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the vibration or pitch of the string These facts prove that there 
are alternate series of activity and inactivity in any moving 
string, the former being called the ** nodes" and the latter, 
** loops;" thus we have a regular wave motion, humps and 
troughs. 







Kit;. 12.— Diagram of lycon Scott's rhonautograph. 

How Sounds May be **Seen." — The wave motions of 
sound have been still further analyzed and recorded by delicate 
and ingenious instruments, such as Leon Scott's **phonauto- 
graph " (/. r., ** sound-self-writcr ") and Kocnig's apparatus for 
producing what are known as manometric (/. ^., ** thinness- 
measuring ") flames. The former consists of a sounding-cham- 
ber or barrel, open at one end to admit the sound and closed at 
the other by a brass tube with a flexible membrane stretched at 
its extremity. To this membrane is attached a hog's bristle 
which is able to trace the lines of vibration affecting the mem- 
brane on soot-covered paper wound about a cylinder revolved 
by a hand-crank. The tracings shown in Fig. lo illustrate some 
of the common forms of sound-autographs, thus produced. 
Some of them resemble the lines traced by the sphygmograph 
of the pulsations of the blood. 

Manometric Flames. — Koenig's apparatus is equally in- 
genious and effective. It consists of a metal ** capsule " or box, 
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divided inlo two chamljers by an clastic diaphragm. At one end 
is an oriftce for the admission of sounds from the voice or an 
instrument, and at lh« otiier is an ordinary gas-burner, gas for 
which is admitted to the chamber in front of tlie diaphragm. 
If the gas be lighted and its supply be agitated by the sound 
waves striking against the diaphragm the flame will undergo 
perceptible changes in strength and steadiness. These may be 
seen to advantage if wn take a four sided box with mirrorrj on 
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Tho Human Voice.— Wonderful as 
I for producing such efiects the vocal organs 
■ being are even more remarkable in theii 
litnent and range of powers. The mech 



thi 



rumenls 
ear of a human 
plexity, adjust- 
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Particulate speech consists of two important parts; the sound- 
Iproducer and Ihe sound-shaper. Both are peculiar to man in 
i range' of sound possibilities and in the power of shaping, 
Other animals can make their distinctive calls and cries, ex- 
pressing their emotions and needs, and such noises are to a 
, certain extent sliaped and definite sounds, besides partaking of 
\ musical qualities — timbre and volume — but in none of them is 
I there anything approaching to the human power of articulation. 




u blLUtliug ot two disliiii 



Thft Vocal Cords. — The sounti-produccr in man is the 
Bjarynx, and its action consists in forcing air from the lungs 
T through a slit between two membranes, known as the "vocal 

■ cords." By means of a number of delicate muscles these may 
Ibe tightened or relaxed, so as to produce high or low notes as 

■ the case may demand. In the full, deep sounds, known to 
Imusicians as "chest notes," the entire membrane is found to , 
■vibrate, but in the high notes and in the "falsetto" only the 
■edges are used. This fact will be seen to depend on the same 
Iprinciple as that by which the strings of a guitar give forth differ- 
Ving notes, according as they are shortened by the pressure of the 
Ffinger on this or that fret. The characteristic difference between 
l-the voice of a man and of a woman is due to the fact that in the 
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former the vocal cords are larger and thicker, and the larynx 
longer, than in the latter; hence able to vibrate less rapidly. 
The action of the vocal cords, may be readily compared to the 
action of the lips in whistling. An attentive study with a look- 
ing glass will reveal the fact that the lips open more in the pro- 
duction of low notes and contract, sometimes almost to closing, 
in the production of the high ones. 

Powers of the Voice. — The vocal chords, together with 
the moutli and the several resonant cavities opening into it, 
to produce a wide range and variety of sounds. The 



ice is about two octaves — some 
', but few beyond that — and the 
to permit the imitation of various 
calls and other sounds and noises 
at the ear is capable of perceiving 
id shapes argues that it is a most 



average reach of the human 
voices reach as far as th 
power of varying the tinib 
musical instruments, anim 
seems almost unlimited, 
ihe wide variety of tones 
delicate instrument. 



The Organs of Hearing. — Fig. 15 gives a good general 
I of the series of organs, by which sound waves entering the 
meatus," or opening, of the outer ear are transformed from 
tmospheric vibrations to nerve pulses that can affect the brain 
w'ilh definite and finely separated impressions of sound. The 
process by which one form of force is thus changed to another 
may be compared to the transformation of heat to motion, as 
tlirough the steam engine, or of motion to electricity, as in the 
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. of the ear thus 



a mem- 
I of the 



dytwmo electric generator. The mechan 

combines the functions of both separator 

those terms are used in mechanical scii 

parts, as shown, arc: i, the tympanum, t 
diaphragm stretched across tin 
Internal canal ; 2, a series or jointure of three minute bones, 
Spssicles," called respectively the malleus, or hammer, the im 
md ihe stapes, or stirrup, the first pressing against 
! of the drum, and the third, against an<3\.\\e,\ ■kv 
;in^ the passage to th= inner eav, 5, \.W\vi,w« ^^^ 
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sisting of a marvelous series of canals in the bony substance of 
the skull, known as the " labyrinth " and the "cochlea-" (snail- 
shell); 4, the auditory nerve attached lo the nerve fibers filling 
the former and also running into the latter through its turns, or 
" convolutions." 




The Inner Ear." 

lined with some 3,000 minute fibre; 
auditory nerve. They are known i 
seems lo be tuned to some particulaj 
conveyed into the ear by the sound waves from the outer air,, 
can cause it lo vibrate in unison, just as the bells luned to tlio 
same note. liach fibre is unresponsive lo other notes, just as is- 
a string or a bell, and thus wc may understand how tliat s 
disease among them will make a person "tone-deaf," or unable 
to distinguish one note or tune from another. Some persons 
seem to be so affected that they cannot hear certain notes, which 
Mre then said to be "out of their r 
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How do We Heap?— Exactly how the nerve fibres of the 

ear are able to respond not only to notes of different tone, but 
also to sounds of different "shape" — articulate sounds- — we 
have no satisfactory idea. No more is it plain how the minute 
dents traced by vocal stress in the tin-foil or wax on the 
revolving cylinder of the phonograph are capable of reproducing 
the same sounds, words, timbre and tones when the process 
is reversed. We can derive some idea of the process by which 
an electric current, alternately interrupted and closed, by a series 
of "dots "and "dashes" — shorter and longer connections, as 
in the Morse telegraphic alphabet — can convey intelligible mes- 




;ages from one end of a line to the other. But the principle by 
A'liich the telephone transrnits articulate sounds by this same 
; of interrupted currents is, and must continue, a mystery 
hjn spite of all our learned theories and attempts at explanation. 

Tha Sound Shaper." — As we have seen the sounds of the 
Sluman voice arc produced in the larynx, by means of the organs 
pnown as the vocal cords. But by these we have only simple 
lounds or tones, such as the same amount of air would produce 
prom a properly constructed rccd, organ pipe, or trumpet, or 
B|uch as would result from scraping or picking a taut string. 
"he mechanism for shaping, articulating speech, is found in 
the lips, tongue, teeth and palate. In obedience to the dictates 
of the will, these assume various relations, wj lUaV \.'ne. s,ci\i'&?i^ 
passing through them at no matter wYvat ^ac'b. ot v\wfet^. 
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riably issue from the mnuth in the forms peculiar to ha 
speech. The lowest human languages have been described as 
a "series of Rrunts, clicks and hisses," but the most highly 
organized forms of language present a wide range of true 
speaking sounds, from the pure gutturals, such as hard G arid K, 
to the pure labials (lip letters), B, P and M. Some languages, 
like the Sanskrit, the "sacred tongue of ancient India," recog- 
I nize a variety of sounds we fail to discriminate in English, 
except in theory, having four sounds for N, two each for D 



■and T, three for S, a 
cally also an M and . 

iW. 



I N \ 



nd practi- 




While, in the production of 
articulate sounds the lips and 
teeth have a very important 
part, by far the greatest work is 
accomplished by the tongue, 
which changes its shape and its 
position as regards the teeth 
and palate with remarkable ra- 
pidity. As may be readily under- 
stood, its office is to so modify 
each sound passing through the 
FIG. IS,— SQction oi iiie cociuea. mouth as to vary its character 

by varying, as we might say, the resistance with relation to the 
two rcsonants, or sounding-boards, the palate (roof of the mouth) 
and teclh. We may assume that such reflections of the sound 
set up a number of vibrations in different directions and at 
different rates, instead of the simple and direct waves of the 
pure sound. The process is perfectly plain to any one, but the 
reason therefor may not be fully explained. We may, however, 
find proof of the fact that some such variation of resistance will 
literally change the character of a note, not in respect to its 
lone or timbre, but in its shape, by certain experiments, as 
illustrated in tiie lollowing figure: 
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Voice Pictures. — Fig, 19 illustrates one of the many effects 
on small heaps of light sand or other fine powticr.'moistened to a 
pasty consistency, and placed on a flexible diaphragm stretched 
over the mouth of a tin can, into which sounds from the voice are 
introduced through a pipe like the spout of a teakettle. A wide 
varicly of such shapes has been made, according to the shape 
of the vessel covered by the diaphragm, and according to the 
note sounded into it. The explanation is simple. The figures 
are not mere visual forms corresponding to the vibrations made 
bythe note producing them, but result from a variety of forces 
working together. Thus, the sound waves made within the 
closed bowl are reflected again and aj 
mass of air enclosed has one rate of 
membrane another, and the layer c 
paste a third. These combine to giv 
the eiemenls of reflected sound and 
resistance, thus making shapes to be 
seen rather than shapes to be heard, 
as in the case of speech. 

We have thus seen that sound c 
sists in vibrations set up in the air 
solids and in liquids, and is, so far as 
we can understand its nature, a kind 
or degree of motion among the particles 
supposed to constitute all material 

things. Sounds may have four qualities — -volume, tone, timbre 
and shape. The last is found best in the human voice. More- 
over, all may be transmitted as far as the sound will go; they 
all combine to make up a single impression on the brain through 
the ear. They may also together make impressions that will 
similarly vary an electric current. On this fact rests the theory 
of the electric telephone. 

As is obvious to any observer, there is a marked limit 10 
the power of sound to carry to a distance in the atmosphere, or 
other medium, by the simple force of its oivn vibration?,. "^V*! 
sound of a church beJi raay be heard ioc s-cvt^aV wiWe-'i, Na.xiii.tx 
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proper conditions, bul i( ihi 
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less. From this illuslrati. 
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ion we may understand that the 
II the wind carries the sound waves 
niles beyond the point where it can 
inclly. Thus it is that two kinds of 
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motion, that of the mass of the : 



ind that of the molecul» 



composing a part of it, which we call sound waves, can so blend 
that they move along side by side or in the midst of each other. 
In other words, the range of the waves of sound is greater in 
one direction when the air is moving thither than when the air 
is still. We may illustrate this by the familiar fact of a rapidly 
flnw.ing stream of water on which we may observe ripples 



from side to 
,d channel, 




caused by the resistance of the 

I obstacles, like rocks or trees. 

sswise) vibrations carried along by a 

In some such way the waves of sound 

current of air, although, like the cross- 

hey must sooner or later exhaust their 
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Just as sound may be carried on the moving air, it may be 
also conveyed along any direct or confined channel, like an old- 
fashioned speaking tube, formerly so common in houses and 
business offices. The tube acts to prevent the sound waves from 
spreading through the air, and hence can carry distinct words 
to a greater distance than they could be plainly heard without 
it. The ordinary acoustic telephone, or ** lovers' telegraph," 
previously described, is another example of the preservation and 
conduction of sound waves along a definite line or conduit. 
The vibrations being communicated directly to the taut string 
are carried along its length without suffering speedy dissolution 
by atmospheric resistance. 

To make the telephone a thoroughly practical machine, 
however, it is essential that we have some agency that will at 
once carry the impulses of the sound waves to long distances, 
as does the wind, and also keep them confined to a narrow and 
definite channel, so they may reach the intended destination, 
and no other, in as strong and distinct a condition as possible. 
This agent is found in the electric current, which is able to take 
up and transmit the timbre, pitch and shape of sounds, so that 
they may be reproduced at the distant end of the line. 




CHAPTER THREE. 
A BRIEF SURVEY OF THE PRINCIPLES OF ELECTRICITY. 

Electricity Defined. — Electricity may be defined as a 
** powerful physical agent which manifests itself in attractions, 
repulsions, heat, light, commotions in matter, chemical decom- 
position, and other physical happenings." As to its exact 
nature, there are many theories, much debate, and nothing 
definite. It has been called a ** fluid," but so were light and 
heat in former times. Whether it be simply a mode of force or 
not, two things are certain: i. It never appears apart from 
some physical change in matter. 2. It always affects changes 
in matter, as do heat and chemical activity, by alterations in 
its quality or condition. For all practical purposes we may 
speak of electrical force as a form of energy, having its peculiar 
characteristics, as has any other form ; and the fact that we 
cannot fully comprehend or reconcile all the facts we know of 
it is scarcely remarkable, when we remember that human 
knowledge never reaches beyond the range of facts experienced, 
nor touches final piinciples. 

Varieties of Electrical Force and Source. — With these 
points understood, we may say that electrical force is always a 
product; that is, it always results from some condition or 
activity in matter, which exists when it appears. Anything 
that produces electricity is called an electrical ** source. " 
According to effects, we may define two kinds of electricity: 
static, or stored, electricity, which is discharged in the form of 
a shock or spark, as from a Leyden jar or the clouds in lightning; 
and current, or dynamic, electricity, which flows constantly be- 
tween the two poles of a ** circuit," along the line of a wire or 
other ** conductor." According to source, there are three kinds 
of electricity : frictional, such as is produced by rubbing, as with 
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lone of the several kinds of electro-contact machines, or the 
simpler ciectrophorus; magneto-electricity, such as is produced 
by the modern dynamo-electrical generators, commonly called 
"dynamos;" and voltaic or galvanic, such as is produced in a 
chemical battery cell by the decomposition of a fluid, called the 
" electrolyte " by a current moving between two plates of dis- 
similar metals, known as the "electrodes." On account of 
many resemblances between the action of a current of electricity 
and th,>se of a bar magnet, some writers make slill another 
classification, calling magnetism ■' electricity in rutiilion." 

Electrical Currents.— The fundamental truth recognized 
in all the modern applications of electricity is that there are not 
many kinds of electricity, but one only. If we lake an electro- 
phorus, a disc of resinous substance in which electrical excita- 
tion may be produced by rubbing with a silk handkerchief, and 
bring it into contact with any substance in a " negative " state 
the result will be a " shock," or discharge, like the transference 
of stored electricity from one cloud to another in the form of 
lightning in a thunder storm. This seems to be " the whole of 
it," as wc might say. If, now, wc take two plates of dissimilar 
substances, say copper and zinc, and immerse ihcm in a solution 
of sulphuric acid, wc will find that electrical activity of a con- 
tinuous variety will be set up the moment the two plates are 
connected by a wire outside the solution. That the cause is the 
same in both instances is shown by the fact that effects peculiar 
lo all phases of electricity follow; the production of electric 
sparks and the like. Further, although the results attending 
the shock and the current seem to distinguish them they are i;i 
reality the same thing. The shock manifests the fac.t that a 
substance holding a large store of electricity will " electrify," as 
the term is, a substance having a lesser store. The process is 
momentary because the source is not constantly supplying fresh 
energy. In the case of the current the source is constant; 
hence the movement from thchigh tothclow potential ^'S.co^\^At^^\- 
ous^ lorming a current. This fact was, fiT^V MivtaNwe^ 'o.'^ 
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Galvani in 17S6, when lie observed the twitching of a frog's 
legs. Hung on a copper hook and accidentally brought into con- 
tact with an iron bar. He supposed that the effect was due to 
I the presence of "animal electricity" in the legs, but it was 
I shown by Volta that it is due to the contact of dissimilar 
] metals, differing in potential, which is to say, power to contain 
ive off electrical energy. 

The Electric Circuit. — In order to have an electric cur- 

, wc must have a " circuit," which is to say, a closed path 
conducting substance. In the voltaic cell the 
circuit is formed by connecting the 
copper electrode with the zinc elec- 
trode, so that a constant flow of elec- 
trical energy is set up, through the 
solution in which they are immersed, 
from the zinc to the copper, and, on 
leaving the solution, from the copper 
back again to the zinc. An electric 
circuit is thus, as the term implies, a 
means for "going around," We have 
a very good illustration of the circuit 
of an electric current in the conditions 
which create a draught of air. We 
cannot have a true draught in a closed 
Tn'^'ihe room with only one outlet, unless there 
be a considerable difference in temper- 
ature between that room and the air 
creates a circulation, until the temperatures 
To have a true draught, we must have an 
enter the room, and an outlet, to enable 
Thus, a fire in a 




I outside. 

I.tecome the same. 

I inlet for the air 

I it to escape into the atmosphere again. 



I stove 

I draught holes, so 

to flow out freely. 

Lshut off tn< 



raught, that is draws air through the 
ng as the chimney is open to allow the air 
But so soon as we close the draught hole or 
th the outside air through the chimney, 
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^ciy closing the damper, wc interfere witli the circuit of the air 
current, and the draught ceases. Thus, to continue the com- 
parison, the fire in tlie furnace or stove, consuming coal 01 
wood, is to the air current what the battery is to the electric 
current. It has the power to set up a form of activity. In the 
i>tove the activity is produced by a condition called " heat; " in , 
the battery, by a condition called "electricity." Both require 
a circuit — a going-in and a coming-back. 

Electromotive Force, E M F. — ^When a current is given 
off by a chemical or magnetic battery, it is a popular error to 
describe it as electricity. To be correct, however, it is nothing 
of the kind, but the resultant of a produced electrical condition, 
and is defined as electromotive force. This force is usually 
indicated by its three initial letters; thus, E M F. This distinc- 
tion is made because there is a marked difference between the 
force which travels on the wire and produces effects and the 
conditions which gave it birth. Hence we must use separate 
terms to indicate the two. 

Tho Voltaic Cell.— The simplest form of the voltaic celi 
is, as we have seen, an electrode of copper and an electrode of 
zinc, immersed in a weak solution of sulphuric acid, and con- 
nected at the upper end by a wire forming a circuit in which is 
placed any body or contrivance to be affected by the current. 
Before this circuit is formed or " closed," as the term is, there 
is no action whatever, beyond a slight "disengagement," or 
separation, of hydrogen gas on the face of the zinc plate. So 
soon soever as the electrodes are connected so as to form a 
circuit, the action is removed from the face of the zinc to the 
face of the copper, where the active chemical condition is to fje 
observed. The continuance of the current is characterized by a 
wasting of the zinc electrode, due to the combination of its 
particles with elements set free by the decomposition of the 
electrolyte into the constituent elements. As has been well 
said, this fact proves the cell to be a "kind of chemical furnace 
JR which the fuel is -sine, or the negative eUcVoi*;,"' 
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Activity in a Voltaic Ceil.— The current thus formed 
supposed lu pass out througli the wire Irom the positive electrode, 
and to complete the circuit by returning and passing in through 
tha negative electrode, and thence through the electrolyte back 
again to the positive electrode. The process of electrolysis, or 
electrical breaking-up of a substance, as it lakes place in a 
chemical battery cell, is indicated by the diagram shown in Fig. 
22. Here we have three rows of figures, indicating so many 
molecules constituting the liquid surrounding the electrodes. 
Each is made up of two elements, as indicated by the light and 
shaded portions. As in the simplest form of chemical cell th' 
liquid is diluted sulphuric acid, whose components are two parts 
of hydrogen, one part of sulphur and four parts of oxygen 
(H" SO'), the light end of each molecule represents H", let us 
say, and the dark portion SO'. 

Grotius' Theory of tite Voltaic 
Ceil. — Now, according to Grotius' 
theory, which this figure illustrates, 
the upper row of molecules indicates 
the condition before the electric cir- 
cuit is closed, when there is no special 
order in the arrangement. The second 
row shows what lakes place from the 
moment the current begins to flow 
along the circuit. Now all the mole- 
cules arrange themselves in regular 
order with their unlike " poles " or 
ends in contact. The new arrange- 
m' mcnt is due to the fact that each 
en one is "polarized," or has acquired 
is magnetic qualities. In addition to 
this "polarization," all the mole- 
nove in regular order, in lines, from the 
pper, and back again. In course of this 
g around, we find that the sulphur and 
nc, causing it to waste, and the hydrogen, 
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cules are supposed to 
zinc electrode to the c 

"rotation," or travel i 
oxygen unite with the : 
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s liberated, unites, with the SO' of the molecule just ahead; 
t in turn giving off its SO' to the one in front of it until the 
ttpper plate is reached, and there we find it is given off to unite 
vith the liquid and perform the same rotation, until all 
E SO* has united with and consumed the zinc plate. This 
in brief, the process by which the electric current is pro- 
duced in a voltaic cell. 



Magnetic Lines of Force.- 

cell, as it passes steadily from 
potential to that of negative, or 



-Th. 



current from an electrical 
joint of positive, or high, 
potential, finds analogy in 




what are ca led I e 1 nes of f rces n a mignet c held." If 
we lake a permanent bar magnet and place it near a quantity of 
iron filings we wil! find that these will be attracted to both poles, 
and will adhere there with considerable force. But toward the 
tenter of the bar we will see very few. This indicates that there 
is some system in the magnetic power of attraction, and that it 
is not the same at all points. 

If now we place over the bar magnet a plate of glass ( 
sheet of stiff paper, and on it dust a quantity of iron feVmi,^, ■ 
will find that they arrange ilieraselvea as sliowu m Y\^. aT,\^^'^^'^ 
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of tilings starting out (rom either pole, and at points midway 
between, which seem to describe arcs (arches) or parts of circles, 
over the bar, meeting in the middle of the " field." 

The lines thus described by the filings are supposed to rep- 
resent the lines of force, or the direction of the current, as it 
leaves the north pole and re-enters at the south. This fact is 
illustrated in Fig. 25, where the lines of force are indicated by 
arrows supposed to enter and leave the magnet as lines of force. 
Fig. 27 further illustrates the theory of the magnet, show- 
ing how that filings arrange themselves as rays, or straight lines 
starting from a common center, when scattered on a sheet of 
paper or glass placed over either end, or pole, of a magnet. In 
this figure we have the end view of the semi-circles of force 
shown in Fig. 23. 

Magnets and Magneto-Elec- 
tricity.— On the fact (if these lines of 
force in a magnetic field is based the 
theory of the dynamo-electric genera- 
tor, commonly called the "dynamo." 
In Ihis machine the current is ob- 
tained by producing mechanical ex- 
citation across the lines of force in an 
electro-magnet. It may be well to 
explain here that there are two kinds 
of magnets. The first is the electro- 
magnet, consisting of a soft iron bar, 
around which a silk-covered wire is 
wound a large number of times, like 
thread on a spool. When an electric current is passed through 
the wire the iron bar receives all the qualities of a magnet — 
power to attract iron, etc.— which continues so long as the 
current is passed through the wire, and ceases when it is 
withdrawn. The second kind of magnet is the permanent mag- 
net, consisting of a bar of hardened steel. The magnetic 
qualities are given to it in exactly the same manner — passing a 
current through the coil or "helix " of wire — but are retained 
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I indefinite time after the current ceases. The horseshoe 
maEnets used in telephone generators and receivers are usually 
made in another way — stroking the hardened steel bar across the 
poles of a very powerful electro-magnet. Either form of magnet 
may be used as the basis of a magneto-electrical generator, but 
it has been found most suitable to employ electro-magnets in 
commercial dynamos of large power. 

Although the construction and use of dynamos form a dis- 
tinct branch of electrical industry, the principles involved are 
applied not only in the construction of the telephone and the 
magneto-generator, but are 
ingly 



also becom; 
important in other bi 



nches -- 



telephony, such as the 
modern central energy ex- 
changes. Fig. 28 shows the 
simplest possible form of 
dynamo. Here, N and S rep- 
resent the two poles of a "horseshoe, 
between which lines of magnetic fore 
dotted lines. Between these pol 




ignellc "(ftculatiaa " Blong'the lines 1 



the 



or curved-bar, magnet, 
flow, as shown by the 
wire loop, C C, revolves 



on the bar or spindle, A A, thus cutting across the 
force. This process makes a current which flows out t 
again on the circuit wire, E, which is attached to the "I 

^■^' and i?', so-called because they bruih against the 1 

^^■drums," as shown in the cut. 

^HE How the Dynamo 
^BorlM.— In this figure the 
^^Bop of wire would be 

called the "armature," 

and the greatest difference 

between this simple ma- 

i hine and the powerful 

ilynamos used to produce 
ifieats to move street 



lines of 
id back 
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the conslruciion of tlii^ 
mple loop of 1 



supply electric lighls is 
In ihe latter, instead of 
are a great number of such loops or of colls, wound on a 
"drum," or "ring," and running at right angles to the magnetic 
lines of force. The rule is that, electromotive force (E M F) 
generated by any dynamo, is in proportion to the number of 
turns of wire about the "core," or frame-piece, of the rotating 
armature; and within certain limits, to the speed with which thi 
armature is revolved. Owing to this arrangement, the lines 




Iforce are greatly deflected, as shown in tlie dotted lines in 

?ig. 29, and by the turning of the armature a very intense 

" excitement of the "field" is created. From this excitement a 

current results, whose strength for work is in proportion lo 

terms of the rule quoted above. 

The effect produced by the revolving of the armature of a 
dynamo is that the armature itself is transformed into an elec- 
tro-magnet, having two north poles and two south poles, points 
for the exit and entrance of the current, respectively, as is 
shown in Fig. 31. These poles alternately exert an attracting 
and repelling force on the magnetic field, and hence continually 
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[stort the magnetic lines of force, as shown in Fig, 32. The 
isult is a constant shifting of the neutral points, and a con- 
bual series of alternate attractions and repulsions at the active 
These rapid changes, demanding a constant rcadjust- 



fcnt of the magneti 
cments among the 
emerges from the mach 



ines of force, transform the magnetic 
nolecules into electrical energy, which 
ne ill the form of a current. 



Magnetic Properties of Live" Wires. ~Not only is it 
e that the polarity of magnets gives a good idea of the theo- 




retical passage of an electrical current from a point of higher 
positive, potential, to one of low, or negative, potential, through 
the air or any suitable substance, such as is known as an elec- 
trical " conductor," but it has also been observed that a wire on 
which an electrical current is active shows signs of magnetic 
activity. If we pass a wire through a hole in a card or piece of 
paper and then connect it into Che circuit of a battery or dyna- 
mo, causing a current to flow on it, we will find that iron filings 
will arrange themselves about as is shown in Fig, 35, the wire 
heing the center of a number of circles, made by the iron filings 
arranging themselves as they are impelled by \,\\e lotct a.\'a\i,^\i. 
it This fact shows that each wire carrying a cM'ttcYA "« ^v«- 
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rounded l)y a complete whirl of magnetic force and influence, 
as shown in Fig. 36. Thus, we may say that every current- 
carrying wire has an electrical effect along its length, 'and a 
magnetic effect at right angles to its length. 

Electrical Conductors; Non-Conductors. — Although the 
wliolc sul)ject of the generation and use of the electrical 
currrnt is filled with mysteries and unexplained points, we may 
trrat it as a force on account of the fact that it always follows 
along llic *Mine of least resistance,** as the term is; that is to 
say, it always avoids the path that is most filled with obstacles 
to its (low, and chooses the one that is most easy. From the 
ohsorvations on this fact, scientists have found that all sub- 
stances arc! divided into two classes: conductors, along which 
the rl(M't!iral curront Hows with ease, transmitting its effects 
from one rnd of tlu* line to the other; and non-conductors, or 
insulators, in which it meets with difficulties, or is not able to 
(low at all. 

'IMic following substances are good conductors, the best 
bring (irsl naincil and the less good following in order: 

Relative Conductivity. 
Sulinliititr. At Zero, Centigrade. 

Silver 100.00 

Copper 99*90 

Oohl 80.00 

Sodium 37*40 

Alutiiiimm 3400 

Zinc 29.00 

Cadiuiiim 23.70 

HriiHS 22.00 . 

rotiiHHiuui 20.80 

Platinum 18.00 

Iron 16.80 

Tin 13.10 

I^ad * . . . 8.30 

German silver 7.70 

Antimony 4 60 

Mercury i 60 

Bismuth 1.20 

Graphite ... . • . . 0.07 
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The conductivity of all these subs 
fated at a common temperature, we h 

r relative qualities as is possible, 

as been found, however, that a 
^bstances, including water and most 

induct electricity with an increase : 

In addition to ll 
INrhich, while they are 



i having been com- 
s correct an idea of 
common standard, 
ber of conducting 
, increase in power 
iperature. 
above list there are a few substances, 
pable of conducting electrical currents, 







They a 



iefly: 



let the electrical c 



vary in the capacity according to 

Animal bodies, cotton, dry w 

The substances that will not 
and will interfere with its transm 

Oils, porcelair. wool, silk, 
ebonite, parafhnc, glass. 

They hold the same relation to the electrical current that 
any solid body does to the flow of water — they ehctV. t^t ft.'i-w^ 
'&. Oa account ol this property ihcy ate ex^v.e.w^\sfc\"3 xi.'^e,^ "\^ 



gutta-pet 



. sheila. 
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all the branches of electrical iodustry where it is desirable to 
confine the current to definite limits, as to a wire, or to prevent 
it from spreading beyond the particular machine it is desired to 
"charge." They are thus called "insulators" (Latin, insula, 
an island; insulatus, mnde into an island). For purposes of 
ihus confining, or insulating, an electrical current, telegraph 
and telephone wires are attached to poles by the familiar glass 
caps, and the wires used about electrical machinery, or where 




likely to come in contact with wood or other combustible mate- 
rials, are covered with silk-windings or india-rubber. 

The Strength of Magnetic Force.— While insulation of a 
wire will interfere with the spread of the current, it has no 
effect on the magnetic forces, which, as we have seen, accom- 
pany it. Thus it is that when a great length of silk-covered 
wire is wound about a bar of hard steel, as thread is wound 
on a spool, it is able to make a permanent effect upon it; to 
transform it into a permanent magnet. Although in this proc- 
ess the wire is so thoroughlv insulated that the electrical 
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current follows along its entire length — not striking across, and 
thus shortening the circuit, as would be the case were there no 
silk-winding — we find that there is an agency that is able to set 

>V , 



Fm. )!,— Diaftrai 







up the circulation of the lines of force that we have seen pe 
to all magnets. And tliis is a result that would not follow 
voltaic current were run directly through the bar of steel. 




Electrical Induction.— In this occurrence we are introduced 
t&.nother department of electrical activity. As the effects of 
K^urrent carried from one end to atioVhev ol a wwe. ■a.vfe ■s.iAx.a 
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be due to "conduction " (a leading-along-with), so the eSeclS 
that are thrown off at every point as it moves along — these a 
the magnetic effects — ^are attributed tu an agency called " induc- 
tion '■ (a leading into, ) 

That it is proper to attribute the effects of induction to 
magnetic influence is evidenced by the fact that there an 
magnetic insulators or cut ofls. A magnet will attract iror 
we have seen, through a pane of glass, which would effectually 
cut off a current of electricity. Consequently, it is able to 
duce its effects in spite of the silk-windings on a magneti: 



Currents in Solenoids. — If v 

it, as shown in Fig. 3R, like 
end passing through the coi 



take an insulated wire 
1 ordinary wire spring, i 
we will find that the action 




of a current passed through the coils and out along the line of 
the straight wire is exactly equivalent to that of a series of 
parallel currents running in that direction. This contrivance is 



:alled a " solenoid 
them charged with 
will be the same as if they 
currents enter or leave wil 
opposite extreme. This sho 
in magnetic effects between 



;nts 



has been found that when two of 
ire brought together, the action 
ere two magnets; the ends where 
■epel each other and attract the 
i that the electric current will act 
o insulated circuits. 



Magnetic Indgctlon.^Again, if w 

enclosing a "galvanometer" (a machi: 
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■strength of a current), as shown in Fig. 38, and bring an ordi- 
nary bar magnet near it, we will see by the galvanometer that 
a momentary current is produced in the wire. The needle of 
the galvanometer then resumes the position it occupied before 
the production of the induced current. On the withdrawal 
of the magnet another current is produced, showing similar 
strength, but in tlie opposite direction. 

Currant Induction. — Fig. 40 shows the production of an 
induced current in the wire circuit £, carrying a galvanometer, 




by bringing into 
battery. So soon 
will observe that t 
a momentary cur.-e 



cinity the 



s needle of the j 
tin the other circi 



;uit, A, charged by a 
,ed by the push key, we 
manometer dial indicates 
rcuit, only running in opposite 
iirection. So long as the current A is kept flowing no other 
;ffect will be observed, but if the circuit again be opened, we 
vill see by the galvanometer that a weak momentary current is 
nduced in B, moving in the same direction as that in A. 

Rules Governing Current Induction.— The principle of 
rent, or voltaic, induction, thus described, i'i a t.>.ift'i,\'itvi\!\.ow 
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of the utmost importance, not only in telephony but in every 
other branch of electrical science. The following points, there- 
fore, are important: 

I. Increasing the strength of the current in A increases 
the strength of the current in B. 

3, Decreas g or open ng the current n 4 decreases the 
strength of the current n B also causing C to flow in the same 
direction as tl e c rrent n A 
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3, If we move the current-carrying wire, A, nearer to B, 
we produce a strong current in the opposite direction; if we 
move it farther from B, we induce a weaker cuKrent in the same 
direction. 

4. If the wire used in the circuit A is thick, and that used 
in B is thinner, the current induced in Ji will show a greater 
electromotive force than that in A. Conversely, if the wire 
used in A be thinner than that used in B, the induced current 
will show a lower electromotive force than that in A. 



Electrical Resistance. 

of the difference between t 



—The last rule holds true because 
e two wires in a quality known as 
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' resistance." On this point there is considerable analogy be- 
tween the action of a current of water and a current of electrical 
energy. Fig. 41 shows two pipes, one large and one smali, open- 
ing into the front and back of a cylinder. If, now, the pipes 
be filled with water, and the piston be moved backward and 
forward, considerable resistance will be experienced in moving 
the masses in the two pipes. That there is a difference on this 




isLtBtlonof thenhi 



wint between the two may be found by closin 
itttached to either pipe, and merely moving th 
By this means we will find that we experi 




nee in the short wide pipe than in the long 


larrow one, 


Ithough both may be equally smooth in bore and 


contain pre- 


isely the same amount of water. 




The same is true of two electrical circuits, one 


shorter and 


'1 thick wire and one longer and of thin wire 


A given 


ircngth of current passed through both wili sho 


w a greater 


teistance in the longer and thinner wire than in 


the shorter 


nd thicker wire, although both wires may weigh 


exactly the 


L^ and contain the same amount of me,la\. 





Laws of Electrical Resistance.^These facts give 
the following rules, wliicli are of importance in teleplione 1 
and apparatus : 




Doubling the cr 
Halving the tToss-section ( 
3. Doublin 

the resistance. 

wire halves the r 







of a wire halves the resisl- 
oubles the resistance, 
r tlie length of a wire doubles 

Halving the length of the 

3. To sum up: The resistance is meas- 
ured in inverse ratio to the cross-section of 
the wire, and in direct ratio to the length of 
the wire. A thorough understanding of this 
principle enables the construction of elec- 
trical instruments of great delicacy and 
exactitude of effect. 



The Induction Coil. — One of the most 
liseful and familiar contrivance^ based on the variation of resist- 
; between two sizes of wire is the "induction coil." Its 
icoiistruction is as follows: A coil of insulated wire is passed 
und a bobbin over a core, which is either a bar of soft iron 
1 bundle of fine iron wires. In this we have the parts of an 
electro -mag net completely reproduced, and a current passed 
through the wire will induce magnetic properties in the core so 
, long as it endures. Around the first coil of insulated wire we 
now wind another, only of much finer cross-section, and, gener- 
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ally, of greater length. If, now, we pass a current through the 
first coil of thick wire, which is called the "primary" coil, a 
momentary current will be induced in the second winding, which 
is called the "secondary" coil. Alternate closings and open- 
ings of the primary circuit cause a series of momentary currents 
to flow through the secondary circuit. 



c 
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ipn Theory of the Induction Coil. — In the induction coil we 
have two kinds of induction^magnetic and voltaic — perfectly 
exhibited. The principal difference in effect is that the former 
continues as long as the current endures, while the latter ib 
momentary, indicating the moments of closing and opening the 
circuit of the primary coil. It is possible that we have an 
explanation of the difference in the fact that the momentary 
currents in the secondary coil indicate the successive adjust- 
ments and readjustments of the lines of magnetic force, as the 
core is alternately magnetised and demagnetized. The effects 
of simple voltaic induction, seen between two wires, as previ- 
ously described, is probably due to the influence of (.Vnt TO.a.'iE,-Q.^\3>.t 
ea o! the "live," or current-bearing, vj\ve O'n. a. c\.Q^c.*i.,^ya.'*. 
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Specific and Comparativa Resistance. — Having tlius 
explained the properties and effects of currents, both conducted 
and inducted, it will be necessary, (or a further understanding 
of the subject, to discuss the 
iS under which elee- 
nergy is passed along 
res, and how it is measured. 
) we have seen, there is such 
thing as resistance to the 
tted current in a wire, 
and that this is varied accord- 
ng to the diameter and length 
s of true resistance that we 
ze. The first is specific resistance, by which is meant 
:e of a degree found in a wire of a given substance, 
of a given size and at a given temperature, as 
ith that found in a wire of a different substance, say 
iron, of the same size and 
at the same temperature. 
The second kind of resist- 
ance we may call "com- 
parative resistance," and 
it is computed between 
two wires of the same sub- 
follows the rules previously 
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resistance, specific and comparative, 
ince, " as the term is. 



"False Resistance." — Under this head we have "impe- 
dance," or the resisting power of "self-induction" or induced 
magnetism, which modifies the efficiency of the current; also a 
constant interfering agency, known as "counter electromotive 
force." Both true and false resistance are occasioaally computet^ 
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together with the C E M F as integral parts of the particular 
resistance of a given circuit. 

Electrical "Back Force" (C E Wl F).— As we have seen, the 
current given off from any electric source consists of what is 
known as electromotive force (EMF). Tl^e obstacle it meets 
on the wire, known as counter electromotive force (CEMF), 
behaves, in many respects, like a current moving in an opposite 
direction. It probably results from a combination of forces, 
and may be compared directly to the resisting agencies at work 
in the flow of water under head pressure, as is shown in 
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Fig. 43. Here C is a tank containing water, which flows out 
through the pipe, AB. If the vent at B is shut the water will 
stand at the same level in the tank and in the upright pipes, 
a, h, c, li, e,/, g. But if it is open, there immediately begins a 
a conflict between the natural tendency of water to seek its own 
level and the force of gravity, which causes the water to flow 
out of the vent. The result is that the water in the upright 
tubes stands at the levels a, H , c, il,' etc. If the pipe, AB, is of 
smaller diameter than that of the uprights, a, b, c, d, etc., 
the resistance will allow of a greater effect in the counter 
water-motive force, which will keep the columns of water in 
lliem at a higher level than is shown in the figure. If, how- 
ever, the diameter of AB is larger than that of the upright 
lubes, ihe columns of water in them will sink or disappear, 
showing that a decreased resistance in the vent-^Y'pe. \% a^cQwv- 
ouedb/a decrease in the "back-force," On ^■ccc\^^'i s\.vb;v- 
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lat principles, the electromotive force of an electric current is 
so reduced over a long circuit that it is impracticable, in the 
present state of knowledge, to transmit poicier for running 
machinery and electric lighting to any great distance. 




Fin. 4i.^ninRrainll1iistmtinfftheefFi., 
£ a. KroMnil return. Tht i>riiid|i1c iuvolvi 
tlic live wire ^S Ik tn|i[M!<l at any of the 



Electrical Power Transmission.— Thus, the vast power 
plant at Niagara Falls, witJi its chain of dynamos, each o£ 
5,ooo horsc-povver, ts amply sullicient for the power and light 
needs of Buffalo and other near cities, but when, in 1896, a 
current was brought to New York City over the telegraph 
lines the power was no more than sufficient to run a tiny motor 
in the hall of the Electrical Exhibition. To have carried a 
force sufficient to be of commercial value, wires of immense 
diameter would have been required. 

This "wasting away " of the EMFis one of the greatest 
difficulties in the way of " long-distance " telephony beyond a 
certain limit, although, as we shall see, the telephone receiver 
is an instrument of almost unimaginable sensitiveness, capable 
of being actuated by a current almost infinitesimal in power. 



HAPTER FOUR. 

ELECTRICAL QUANTITIES. 

Electrical Measurements. — Electrical measuremen.s are 
simple in theory, readily computed and of extreme exactitude. 
Starting with a few known quantities, we can get very exact 
figures for the strength of a given current, the degree of electro- 
motive force any source can emit, and the resistancfe of any line 
of wire, as well as the amount of work it is capable of accom- 
plishing in a given time, under any assumed conditions. 
Considering the need of exact instruments in such an industry 
as telephony, and the minute quantities of force and volume to 
be dealt with in them, it is indispensable that the practical 
telephonist have standards of measure that will permit him to 
deal with things and conditions almost unimaginably small. 

I An Exact System Necessary. — The first need in an exact 
f system of measure is a standard of comparison with some 
known thing. Thus, when the French scientists invented the 
Metric system of measures, now so familiar, they sought to 
have as a basis a unit that could always be found from things 
known. In so doing they sought to find an " absolute " stand- 
ard; that is to say, a standard of measure that would be the 
same the world over, and could be found at any time. All 
other units of measure have been variable and uncertain. The 
ancient Hebrews had a standard of measure called the "cubit," 
which was supposed to represent the length of a man's a'm 
measured from the end of the elbow-joint to the tip of the 
middle finger. Their standard cubit was somewhat less than 22 
inches, but the Roman cubit was only about 17,^, inches, indi- 
cating, possibly, a difference of over four inches in the standard 
Stature of the Jews and the Romans. 
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The MetpiB System.— The decin 
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' Metric," system, 
of length the 
,'ed from the supposed 
.he same in two people, 
;n-mil!ionth of the twial 
rth Pole of the earth. 



w, according to the known laws of circles, we have ninety 
I degrees as the total measure of one-quarter of any circumfer- 
I ence ; consequently, adopting as a standard the one-ten-millionth 
part of ninety degrees, we should be readily able to calculate 
this unit at any time. But, because the earth is flattened at 

the poles, thus being an imperfect sphere, the geographical 
length of a degree decreases rapidly as we go from the Equator. 
However, the French astronomers who computed the matter, 
toward the end of the Eighteenth Century, seem to have 
estimated the average length of a degree of latitude at about 
69.042 miles, which is something less than the length now 
estimated at the Equator: 6g.i6. 



The Meter. — Having adopted 

millionth part of ninety such degrd 

system of calculation, or one in the 

estimated as about .000621 miles; 

' and 39.3709 inches. This is the 



indard the 



eight ha 



one-ten- 
i, so as to have a decimal 
cale of tens, their unit was 
"9363 yards; 3.86090 feet; 
ches. This is the length now known as the 
netre," and from it all the measures of volume 
: been derived. The ease and convenience of 
f tens in measure greatly facilitates calculation, 
; to find instantly the comparative values of any 



ven quantity. 

Decimal Units. — ^Thus a meter is sub-divided into ten parts, 
le hundred parts, and one thousand parts, giving the table, 
f with Latin numeral prefixes, as follows: 

10 millimeters make one centimeter, 
10 centimeters make one decimeter, 
10 decimeters make one meter. 
These prefixes are the Latin words, ikctm, ten; (entum, one 
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hundred ; and milU, one thousand. Measures larger than a 
meter are indicated by the Greek numerals: dcka, ten; hekaton 
(^hecto)t one hundred; chilioi {kilo), one thousand ; and uiyria, ten 
thousand. Thus we have the table of quantities more than one 
meter, as follows: 

10 meters make one dekameter, 

10 dekameters make one hectometer, 

10 hectometers make one kilometer, 

10 kilometers make one myriameter. 
Square, or surface measure, and cubic, or solid measure, 
are based on the same decimal scale, except that square measure 
naturally increases on a ratio of hundreds, as measuring two 
dimensions, and cubic measure, on a scale of thousands, as 
indicating three dimensions. Thus: 

loo square millimeters make one square centimeter, 
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rters make one squi 
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^r The Gram, or Measure of Weight. — Mee 

capacity are based on the cubic system. T 
have the " gram," or " gramme," which is th 
centimeter of distilled or perfectly purified 
the temperature when it h; 



E decimeter, 

c decimeter, 

uresof weight and 
us, for weight we 
weight of a cubic 
vater, weighed at 
■ greatest density. 
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which is at 4 degrees, centigrade, or 39.2 dcgrt 
the latter being the common form of thermometer. Thus, as 
we would say, the water must be weighed when it is at a tem- 
perature of 7.2 degrees _above the freezing-point, or "zero." 

The Liter, or Measure of Capacity. — In the 

^e unit of capacity is found by taking a box ■ 
ict capacity of one cubic decimeter. This is 1 
'liter." 

t the gram and the liter are divided and increased on a 
; tens, instead of on one o£ Ihousauis, T\\>\^ \\. S.'i ■Ooa>. 
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white a cubic centimer of water in the conditions just men- 
tioned weighs one gram, a cubic decimeter of water would 
weigli one kilogram, and a cubic meter, one hundrecJ myria- 
grams. So, also, a cubic meter of any substance would occupy 
ane ktloliter, or one lliousand liters. 




Daeimal Measuro forTime.— -At the lime of the French 
Revolution (1793-96), when the metric, or decimal, syster 
weights and measures was invented, it was hoped that it would 
be adopted as a universal method of calculation. In this, how- 
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clion of a number 0* 



ever, expectations have not been realized, except in scientific 
computations, where a common standard is positively necessary. 
At the same time it was attempted to substitute a decimal 
system for measuring time, Instead of the duodecimal (twelve) 
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C. G. S. Units in Electriet^.^An electrical neasumocDis 
are based on ihe metric units of length (cenii meter), of mass 
(gram), anti of time (second). Since, as we have previouslj- 
siiggested, the quanliiitt to be measured are so minute, we 




must have the units as small as practicable. The centimeter. 
which is a little over one-third of an inch {-3937079 inch), not 
quite two-fifths of an inch, is capable of division into immensely 
small parts without the use of too many figures.. T\\e^a.-axfc"^^ 
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e of ihe gram, which is employed in electrical measurements 
the name for the cubic centimeter, without reference to 
weight, and is found most useful because it increases on a ratio 
of tens, instead of on one of thousands. The second, or time 
is of use in computing the power of currents to do work, 
nneclion with the length of lines and the total masses of 
in cross-section, as indicating the resistances of various 
kinds which the original supply of electromotive force must 
meet before the pressure can be used in any, practical work. 

Thus the units of electrical measures are spoken of as the 
''C. G. S." (centimeter-gram-second) units, as indicating that 
they are founded on the three simple units above mentioned, 
which give an absolute or universal standard. 

Names of Electrical Units. — In addition to the need of 

lits that may be expressed as readily and with as few figures 
possible, the science of electricity further demands distinct 
names for its units in order that there may be no uncertainty as 
to what particular quantities are being measured. The names 
of electrical units of measure are based on the names of several 
great scientists and electricians of history, who thus have a 
lasting fame in the terminology of the science they labored to 
perfect. The electrical units are, accordingly, the "volt," 
named from Alessandro Volta, Professor in the University of 
Pavia, and discoverer of the electric current; the " ohm," from 
Prof. George Simon Ohm, of Berlin, a profound investigator in 
electrical matters; the " ampere, " from Andre Marie Ampere. 
Professor of Mathematics in the Polytechnic School of Paris, 
and author of a celebrated work on dynamic electricity; , the 
" coulomb, " from Charles Auguste Coulomb, a brilliant inves- 
tigator of electricity, and the author of a number of books on 
magnetism, the mariner's compass and general mechanics; the 
"farad," from Michael Faraday, the celebrated English physi- 
cist and Professor in the Royal Institution of London; the 
"watt," from James Watt, the inventor of the practical steam 
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The Ohm, the Unit of Resistanco.^The unit of electrical 
resistance is tlic "ohm," which, by the Electrical Congress at 
the Columbian Exposition, at Chicago, in 1893, was fixed as the 
equivalent of the resistance to the electric current of a column 
of liquid mercury, 106.3 centimeters (about 41. 3 inches) long. 
and one square millimeter (.00155 square inch) cross-sectional 
area at the temperature of melting ice. Mercury is chosen for 
the test, because, as we have seen, its conducting power is low 
(1,6 in a scale of 100 for silver), and its specific resistance is 
comparatively high (99. 74 in a scale with 1.521 forsilver). Itis, 
therefore, about one on the scale when measured for conduc- 
tion ; and about one hundred on the same scale when measured 
for resistance. The standard specifies the temperature of melt- 
ing ice, since, as is known, a column of mercury is shortened 
or lengthened with the fall or rise of temperature, and on this 
fact the thermometer is constructed. 



Electrical Pressure. ^The fact that there is such a thing 

in the electrical conductor as resistance, which maybe measured 
and must be met by a force which is able to do work, estab- 
lishes the further fact that there is such a thing ai, pressure. 
The steam engine works on this principle: if there is a sufficient 
pressure of steam generated in the boiler the machinery may be 
moved; otherwise, not. Similarly, if we have a sufficient 
" head " of water, we may move the wheel of a mill. In both 
cases there is a power or force in the steam or the water that 
can overcome a resistance in matter, which is known as " iner- 
tia," or the tendency to remain motionless unless compelled to 
move. Now, the electrical element that can set up an active 
condition in a circuit of metal, possessing the electrical inertia, 
called resistance, is the electromotive force (E M F) that we have 
previously mentioned. It is for electricity what the steam 
pressure is for the engine, and what the head of water is to the 
mill-wheel. 

The Volt, the Unit of Pressure.— The unit of electrical 
pressure is called the "volt," and it is about et\ua.\ Vd Ot^e a.\t-<' 
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Tb« Ampere, the Unit of Cwrvefit. — The unit of current 

Inlerisity given forth after one rolt of eleclromotive force has 
passed through a resistance of one ohm. is called an "ampere. 
iliSlrcnglh has been found to be equal to that of a current 
Wllii^h can deposit .00033 grams (that is, th irty- three- one- 
lllindred-lhousandths of a cubic centimeter) of pure copper in 
lino Kooind of time by the process of electro- plating. Because 
rif lllitt known strength of the ampere in lerms of the elcctro- 
phtdng proCMS, we have such electrical current meters as the 
I(i1|)iiill "iimmeter" (ampcrc-meter), the construction of which is 
•lumn In Kta, sn. As may be seen, the current moves alon^ as 
til intltuHcd by llio arrows, through the two binding-posts and 
McnMti \\\ti \wn\ or iwisled section. A portion of the current is 
"iilliHl1«'t," '" Mvil.hnl "IT from the main line, and flows 
llMitittfU n «'li> "I »-"■■" 11 ..-'i-i-i'i.-e into the cell, where it acts 
. tWftVlm IMllui)'!' .1.. 11,. pUtin" machine, carrying small; 



particles o{ the incoming electrode (the "anode") to the.outgoing 
(the "kathode''^, as the current passes through the liquid 
solution in which ihey are immersed. As the shunted current 
is in direct and known proportion lo the main current, the 
amount of metal deposited in a given time is an indication o! 
the total amount flowing through the line. Tliis may be deter- 
mined by simply weighing the negative electrode. 




Ohm's Law.- -Because, as we have seen, the resistance 
of any wire of given length and tliickness is known, because the 
current may be measured by efficient instruments, and because 
ttiere is a known ratio of voltage in most common battery cells 
of given size, we have in every circuit at least two known quan- 
tities, ivhich will enable us to determine the other. The relation 
of all these quantities to a given standard — since one volt, after 
passing through one ohm, will yield a current of one ampere — 
establishes a certain proportion among iViettv. ^Uy^ ■mva.'j he 
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I expressed in the formula known as Ohm's La 
I follows; 

I.— The current is in direct proportion to the electro- 
Tiotlve force <EM F), and in inverse proportion to the resist- 
|ance. 

lis is evident, because it is by the resistance of the 
I conductor that the initial electrical pressure of the source or 
I battery is modified, or divided ; one percentage being, sup- 
[ posedly, "dissipated," or "absorbed," as is steam power or 
ter pressure, and the other given forth as working current 
With an understanding of these facts, we may see that the 
I rule given above means, in simple language, that: The greatei 
lectromotive force, or the smaller the resistance, the greater 
urrent; and the smaller the electromotive force, or the 
I greater the resistance, the smaller the current. Moreover, 
I because, as we have seen, there is a definite proportion between 
I the three units in any circuit, the ratio of the three is precise 
I and not general. Thus, we may derive the rule; 

11.— The current (amperage) is equal to the electromo- 
tive force (voltage) divided by the resistance <ohmage.) 
e expressed : 
; or Ampere = 



This rule may also bi 
EMF 

Curren I = ^jr — ; 

Resistance 



s follows: I 
Volt ' 
"Ohm. 



ohmage ^ 
y divid- 1 



Therefore, knowing the voltage of the source and the ohmage 
I of the circuit, the current strength may be determined by d 
I ing the former by the latter. 

III.— The resistance varys directly with the electromotive 
i force, and inversely with the current. 

This is a law of proportions precisely similar to the first rule 
B^ven, and, like it, may be reduced to a more exact form, as_ 
riollows ; 

IV. —The resistance 'ohmage^ is equal to the electro- 
I motive force (voltage) divided by the current (amperage.) 
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This is equivalent to saying: The ohm is the quotient of the 
volt divided by the ampere, or: 

EMF 

Resistance = -^ —rr- — — -t- 

Current Strength. 

V.~The electromotive force (E M F) varies directly with 
the current and with the resistance. 

This rule may be readily understood by reference to the 
first and third of the series, wherein it is stated that both the 
current and the resistance vary directly, or just as does the 
electromotive force. Consequently, the formula is readily 
understood : 

VI.~The electromotive force is equal to the current mul- 
tiplied by the resistance. 

In tabulated form, this statement may be expressed as 
follows: 

E M F = Current X Resistance, or 
Volt = Ampere X Ohm. 

Ohm's Law Applied.^-As may be readily understood by 
careful study, all these rules are merely so many variations 

of one statement of proportions between the three factors of any 
active electrical circuit. They are, in fact, corollaries of the 
first rule, which is a sufficiently complete statement of Ohm's 
law for general purposes. 

A few illustrations will suffice to make the applications of 

the law perfectly clear. It, for example, we have two active 

l-elcctrical circuits with precisely the same current strength, we 

jltnow that one of three things must be true; either, ^ 

, They are the same in all respects, as regards voltage, 
bhmage and amperage; or, 

a. The original voltage is greater, involving that the 
isistance, both internal and external, must be greater also; or, 
3. The original voltage is smaller, involving that the 
esistance, internal and external, must be sn\aVV« a.\%o. 

JS, ia any circuit, the original pressutt Vs ?■ voWs ^tii ^ife» I 
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resistance 4 ohms, it follows that the current strength is 2 
amperes. Now taking these figures as the basis of equations, 
instead of the unit-names, as above, we have : 

(current) 2 =^-- — 

(ohmage) 4 = — 
(voltage) 8 = 4x2. 

Water Currents and Electrical Currents. — In many 
points the behavior of water currents is comparable to that of 
electrical currents. The three elements — pressure, resistance, 
efficient force per second — are also present. Thus, if we have a 
body of water confined in a convenient tank, or other receptacle, 
so that a constant stream may escape through an orifice one 
inch square, under the pressure of six inches — this is measured 
from the bottom of the tank to the surface of the water — we 
have the equivalent of what is known as the ** miner's inch," an 
exact analogy to the ampere. 

Taking the pressure of the column of water in the tank, 
which increases directly with its height and the dimensions of 
the orifice through which it escapes, we find that the miner's 
inch is, first place, a measure of rate or velocity, a time measure, 
giving inch-seconds. Thus the water flows at the rate of so 
many miner's inches, just as electricity flows at the rate of so 
many amperes, both in direct proportion to the initial pressure. 
In the water current the size of the orifice of escape measures 
the resistance; in the electrical current it is the size, or diame- 
ter, of the wire, as we have seen, provided it be compared with 
another wire of the same metal. Thus it is that in neither case 
do we have a reference to time. An ** ampere per second '* is a 
simple repetition, and means no more than an ** ampere.** 
Thus, in speaking of a current of, say, ten amperes, we do not 
refer to the current passing in ten seconds, but to that passing 
in one second. 

The Coulomb, the Unit of Electrical Quantity.— This 

brings us to another unit of electrical measurement, th^rcv^a^ure 
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of electrical quantity. This is the "coulomb," and it is equiva- 
lent to the efficient quantity of electrical energy passed by a 
current uf one ampere intensity in one second. It is, in fact, 
the "ampere-second." Experimentally it has been found to 
equal the decomposition of .0936 milligrams of water, by elec- 
trolysis, or the deposition of 1.11815 milligrams of silver by 
electro-plating. In both cases, of course, the actuating current 
is equivalent to one ampere, and thi^ initial pressure, to one 
volt. 

The Watt, the Unit 
of Electrical Activity. 

—A fourth unit is the 
" watt," which is the 
practical unit of elec- 
trical activity. It is the 
rate of energy or of 
work represented by a 
current of one ampere 
urged by one volt of 
electromotive force. It is, in fact, the volt-ampere, or the pro- 
duct of the pressure and the current. Applying the principles 
<if Ohm's law, given above, we find that it is, further, the pro- 
duct of resistance multiplied by the square of the current, and 
the quotient of the square of the voltage divided by the resist- ^ 
ance. If, then, we have a circuit with a voltage of 8, an ohmage 
of 4, and a current of i, we may compute the wattage as 

^^yllows ; 

^K (voltage) 8 X (current) 2 = (wattage) iC. 

^^1 (resistance) 4 x (square of current) 4 ^ wattage 16. 

^^1 (square of the voltage) 64 -^(resistance) 4 ^ wattage 16. 

^^1 The Equivalent of the Watt. — The wattage of a given 

^Hptive circuit is equivalent to the product of the voltage and the 

amperage, because, as is evident on reflection, the eflieieucy of 

any current for the accomplishment of work depends upon the 

pressure ibal impels it. For example, ihe ctvct^'j IwfAx^e.*^ -^^'s. 
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second by a corrmt of lo atnpcres supplied at a pressure of 
>,ooo volts is exacUv th« same as that furnished per second by 
a current oC 400 amperes supplied at a pressure of 50 volts. In 
each case the product is ^0.000 watts. 

Watts and Hona Power. — Approximately 746 watts is 
equal to one electrical horse power. A watt-hour is the expres- 
sion for a power of one watt cserted by a current during the 
space of one hour. The watt-minute represents the same power 
exerted during one minute. The watt-second is equivalent to 
the product of the volts and the coulombs of a given circuit, 
and is also known as the volt-coulomb. 

While the measurements of electrical 
quantity and activity have no bearing on 
telephony, except in the questions con- 
nected with the use of charging dynamos 
and central energy units now coming into 
use more and more in up-to-date ex- 
changes, it is essential that we include 
them in this brief survey of the system of 
electrical measurements, in order to give a 
good foundation for future and more ex- 
tended study of practical telephone matters. 

Electrical Condensers. — One consid- 
eration of importance, both in telephony 
and in other branches of electrical industry, 
is that of condensers. The condenser, or 
accumulator, is an instrument capable oE 
holding a charge of electricity, and of 
giving it forth in the form of a shock or 
More correctly, it is a device capable of 
being so affected by a primary electrical source that its internal 
potential is raised proportionately, and will electrically affect 
any body of lower potential. 

The simplest form of condenser is the Leydea jar, a glass 
jar, coated within and without with tin foil, K mace ^rt 




Fio, 5!. -Com man type 
of t^sistance frame, fiy 



at will. 



momentary current. 
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variation of the same principle is the ordinary telegraphic con- 
denser, wliicli consists of a number of sheets of tin foil, each 
two separated by a sheet of paraffined paper or mica. The tin 
foil sheets are connected to the poles of the primary battery, 
the first, third, fifth, and al! odd numbers being connected 
together by a wire leading to one pole, and the second, fourth, 
sixth, and all even numbers, by a wire leading to the other pole. ' 
This arrangement is shown diagramatically in Fig. 53. 




























Construction of Practical Storage Batteries.— The form 
of device used largely in electric lighting, and also in central 
energy telephone exchanges, is usually described as the "storage 
battery," and depends for operation on chemical action. One 1 
of the earlier forms of this device was the Planle secondary 1 
battery. It consisted of pairs of lead plates, arranged in the 
order described for the ordinary condenser. They were placed 1 
close together, but not touching, in a solution of sulphuric acid. 
The battery was then "formed" by the action of an electro- 
lyzing current in one direction. By this process the surface of 
one plate is largely converted into lead binoxide. By frequent 
repetitions of the process of alternately charging and discharging j 
this secondary battery, both plates are considerably attacked, 
one of them, however, being maintained in a state of oxidation. 
Later forms of the secondary cell have the lead plates or 
"grids" perforated, as shown in Fig. 54, and these perfora- 
tions .'ire filled with some substance suitable to enable the grid 
to act at once as either positive or negauvc e\e.tVtQ«i^, «i "Cwk. 
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case may be, thus giving a good depth of matei.a for iht 
charging current to act on, and avoiding the tedious process ui 
"forming," in order to prepare the cell for practical use. 

The Chloride Storage Cell.— Fig. 55 gives a good general 
idea of a type of storage coll much used in central energy tele 
phone exchanges. It is charged in the same manner as the 
Plante cell, " after formation" but is much superior in construe- 
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Via. 54.— Single "grid" e 
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tioa and efficiency. As will be seen in the figure, the alternate 
grids have square or round perforations. The former are the 
negative and the latter the positive electrodes. The positive 
grids are composed of an alloy of lead and antimony cast into 
shape with the required number of round perforations. Each of 
these holes is filled with a button made by rolling a crimped 
lead ribbon in the form of a spiral and of a size to fit it tightly. 
The plates are then treated electro-cheraically in order to pro- 
duce the proper lead oxide. The negative grids are made by 
casting the proper shape, under heavy pressure, around a num- 
ber of square blocks of fused chloride of zinc and chloride of 
lead. After the grid is thus completed the zinc is chemically 
removed, leaving the contents o£ each perforation pure spongy 
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lead. To assemble the cell, the grids, positive and negative, 
are hung alternately in the tank or box, being held apart by 
sheets or washers of hard rubber. A solution of sulphuric acid, 
about five parts water to one part aciti, is then poured into the 
tank, and acts as the electrolyte, after the full charge has been 
given from a dynamo. 

Action of a Storage Cell. — The action of the cell consists, 
first, in the oxidation of the spongy lead of the negative plates. 
The hydrogen set free in this process is transferred electrolyti- 




cally to the positive plate, where it reduces the lead dioxide 
(Pb 0-) to lead protoxide or monoxide (Pb O'). The oxides are 
ihen converted into sulphates by the action of the electrolytic 
solution. In the process of charging the conditions are reversed 
under the action of the electrical current from the dynamo, 
which has the effect of reducing the lead sulphate on one plate 
to metallic lead, and that on the other to lead binoxide, or 
dioxide. As soon as this process is completed the storage 
battery is said to be " charged," and is once more in condition 
to give forth a current. Although the storage, or secondary, 
battery differs radically from the electrical condenser, despite 
the popular identification of th? two, il is ptopet \.o iffii^*. Sx 
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as a form of accumulator — since i 
required to "form," or charge 
measure its power in terms of ele 



L certain amount of current is 
it, as we have scen^and to 
rtrical capacity and quantity. 

The Farad, the Unit of Electrical Capacity.~The theo- 
retical unit of electrical capacity, as applied to condensers and 
accumulators, is the farad, which represents the capacity of a 
conductor which can retain one coulomb of electrical energy at 
a potential of one volt. The quantity of electricity charged 
upon a conducting surface, however, raises its potential, so that 
a condenser of one farad capacity can hold two coulombs at two 
volts, or three coulombs at three volts. 

Every Line a Condenser. — In practical computations the 
microfarad, or one-millionth of a farad, is used. The farad- 
ical capacity of the earth is estimated as ,,,„,„„ of a farad. 
As has been well said; "Every line is practically a con- 



denser, the surface of the 

the other, and the air or covering of thf 

layer between the two. Before a currei 

strength at the distant end of the line th 

fully charged; and when reversed current; 

discharged and charged again at each re\ 

why a high capacity is so detrimental to telephone working, i 

the rapid changes and reversals of the telephonic current £ 

deadened and llattcned out if they have to charge mu 

capacity before reaching the receiving instrument." 

The Use of Electrical Units.— Electrical units, while co: 
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wire the insulating 
it can reach its full 
s condenser must be 
are used it must be 
ersal. This explains 



puted on the basis of the metric, 
expressed in fractional forms, ' 
micros, small), indicating the on 
as micro-farad; or, similarly, 
megits, great), as indicating on 
megohm, etc. The practical units used in computation arc 
usually fractions of those given. But, as the exact description 
of the system belongs to a more extended treatment of the 
.subject than is herenecessary, it will be otnvWid. 
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HISTORY OF THE SPEAKING TELEPHONE. 

When we are loUl that the steam engine was invented by 
James Watt, or the steamboat by Robert Fulton, or the steam ■ 
locomotive by George Stephenson, or the telegraph by S. F. B. 
Morse, or the teleplione by Alexander Graham Bell, we are 
very apt to suppose that each of them originated both the idea 
and the contrivances embodied in their several inventions, and 
that no one ever thought of any such things before. As a 
matter of fact, however, these and all the other great inven- 
tions of the Nineteenth Century are merely the perfected product 
of many minds working during many years, although the nian 
who finally completed the labor gets all the credit. 

Almost from the lime when electricity began to be of prac- 
tical worth in the world there were some people who were at 
work on the idea of perfecting contrivances for the electrical 
transmission of speech and other sounds. And in this depart- 
ment of endeavor, as in others, we find that the final and perfect 
instrument is the simplest, 

Reis's Telephone. — One of the earliest experimenters to 
realize successful results was Philip Reis, Instructor in Natural 
Sciences at Prof, Garnier's Institute, a select school for boys, 
at Friedrichsdorf, near Ilomburg, Germany. His principle has 
frequently been described as "'making and breaking" an elec- 
tric circuit, in somewhat the same fashion as the electric 
telegraph transmits messages ; but Prof. Sylvanus P. Thompson, 
in a paper on Reis's invention, read before the Naturalists' 
Society of Bristol, England, In 1S83, declares that it was rather 
"employment of a loose or imperfect contact between two 
lerts of a. conducting circuit," so that the pressure and resisL- 
ice m'lg^bt be varied by dififering stress. 
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On the occasion of reading this paper he exhibited a model 
of Reis's t>riginal transmitter, whicli was shaped like the human 
ear, and was designed to work on the same lines. Fig, 56 
shows a section of this instrument. Here we have an opening, 
A, corresponding to the meatus of the ear, and closed at the 
''inner" end with a membrane, B, corresponding to the tym- 
mmediately against this membrane rested 




the lower end of ; 
represented the " I 
membrane with a < 
move, as the mcmlii 
cross-wire, serving i 
end of the lever, D, 
E, which bore on il 
plalinur 
occasior 



urved lever of platinum wire, C, which 
imer bone." It was attached to the 
p of sealing wax, and was left free to 
i vibrated, by being soldered to a short 
in axis, as shown in Fig. 57. The upper 
;led against the end of a vertical spring, 
its extremity a slender and resilient strip of 
-. The contact of the spring could be varied, as 
dcd, by the screw, //. The electrical connec- 
tions were made by the wires, /'" and A", the former bearing a 
current to the lower end of the lever, through its connection 
at the center of the diaphragm, and Ihe latter transtccriag to 
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the line the sound- impulses caused by varying ihe pressure of 
the lever on the strip of platinum, C, as it moved with greater 
or less force in obedience to the vibrations of the diaphragm, 
according to the motions of sound waves. 

A later form of the Reis transmitter was a box having two 
openings, one at the side for the mouthpiece, and the other at 
the top, closed by a diaphragm made from the smaller intestine 
of a pig. At the center of this membrane was cemented a strip 
of platinum in loose contact — some say not touching — with the 
point of a platinum wire held in position above it by a leaf 
spring, as in the former instrument. 

Rels's Receiver. — The receiver of the Reis system was a 
sleel knitting-needle wrapped around with a coil of insulated 
wire. It was, in fact, a form of electro-magnet, and was 
mounted on a violin or resonant box, which served as a sound- 
ing-board, and to this was later added a cover against which 
tlie ear was pressed to receive the sounds transferred along the 
wire from the transmitter. By the Reis system musical sounds 
could be transmitted with all the variations of pitch and loud- 
ness, although without timbre — -probably resembling somewhat 
the sound of a xylophone, or wooden piano — and less perfectly, 
also, the sounds of the human voice; the consonants being 
readily represented, but the vowels less distinctly, if at all. 

Prof. Reis anticipated many of the later features of the 
practical telephone, particularly the transmission of sound by 
the variation of pressure in an electrical circuit, and also made 
Ills receiver on the plan at first adopted by Prof. Bell — an 
electro-magnet and a resonant diaphragm. His instruments 
attracted wide attention in that day, but no one thought of 
applying them to any field of commercial usefulness, most 
probably because the transmission of speech was too imperfect, 
even if the social and business conditions had created a demand 
for such a contrivance. During the next sixteen years little 
was heard of the subject of transmitting speech by e\ec.t.^\t\\.-^ , 
and when, m 1876, Prof. Bell exhlb\ted \\\5 iTOv^Attv. 'vc 
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ments at the Centennial Exposition in Philadelphia, there was 
another sensation among scientists. 

House's Telephone. — Meantime, however, the miisical tele- 
phone was much improved, and several independent experi- 
menters actually made some progress toward a practical speak- 
ing apparatus. Among the latter was Royal E. House, of 
Binghamton, N. Y., who in i3C8 invented and patented a 
idjvice which he called the "electro-phonetic telegraph." lis 
general con5traclion rncluJed a sounding-chamber, open at the 
front enJ and closed at the rear by a dia|iliragm of varnished 




pine wood, to the center of which was attached a bar, with the 
object of imparting the vibrations of the diaphragm to the 
upright piece attached to the horizontal armature of an electro- 
magnet. Two instruments of this pattern at either extremity 
of a circuit, which includes a battery ceil, can act alternately as 
transmitter and receiver, and actually convey spoken and musi- 
cal sounds. Mr, House, however, seema lo have had no 
conception of the value of his invention; so he rested content 
vith local celebrity, leaving the fame and rewards coming from 
L the successful telephone to be gathered by another man eight 
5 later. 
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Gray's Telephone. — Prof. Elisha Gray was also conduct- 
ing experiments in telephony, and, strangely enough, entered 
an application for a transmitter very like Bell's in general 
theory on the very day a patent was issued to the latter. 

Drawbaugh's Claims. — !n 1S84, in a suit for infringe- 
ment of patent by the Bell Telephone Co. against a concern 
known as the P'?opLe's Telephone Co., brought to light the 
claims of one Daniel Drawbaugh, a machinist, of Eberly's 
Mills. Penn., to having invented a complete and successful 
telephone apparatus at least ten years before the data of Bell's 
patent. Drawbaugh sought lo establish his cla'ms by the 
testimony of 145 witnesses, who swore that they had seen the 
machines in operation in his shop or heard them spoken of by 
others between the years 1867 and 1876. He also exhibited a 
series of models, the earliest of which he claimed was made in 
t866, and the latest about ten years after. His transmitters 
were constructed on the principle of the carbon granule instru- 
ments subsequently adopted by Runnings and others, and his 
receivers were of the magnet type, now in use on all lines. His 
claims, if true, certainly present a strange case of almoit perfect 
coincidence. But it was this fact, as much as any other, that 
moved the decision of the United States courts against him. 

In one of his experimental model receivers, dated about 
1866, the diaphragm is connected to the armature of an electro- 
magnet by a taut string, a device adopted by Preece as late as 
1879. A still later one (1867-68) has the armature of the 
magnet on the diaphragm, as is the case with Bell's instrument, 
made early in 1876. About 1S70 he claimed to have devised ' 
a double-polc permanent magnet telephone, identical with that 
later patented by Bell, and to have further improved it by the 
use of spiral magnets, with a single-pule contact, as in some of 
the more modern forms of receiver. His case certainly deserves 
a passing mention. 

Bell's Early Instruments. — Prof. Bell seems to have made 
I large number of experiments with almost as vwawj ^\%.*«t^V 
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combinations before he finally hit upon the wonderfully simple 
instrument patented in 1876. One of the earliest of his 
experimental instruments is shown in Fig. 59. It consists of an 
elongated type of permanent horseshoe magnet, on each pole of 
which is attached a harp of rods, like those used in the familiar 
mechanical music boxes, each rod in the comb-like contrivance 
being cut to a length suitable to giving forth its own note. 
Now, when one sang near this instrument, he effected a vibra- 
tion in the key corresponding to the note sounded by his voice, 
thus producing a **wave" of a size, or ** amplitude," propor- 
tioned to that uttered. This would produce an agitation in the 




Fig. 59.— Bell's First Kxperimental Instrument : An Klongated Permanent V-shaped 
Magnet, Bearing a Harp of Reeds, which Vibrate in the Field of an Klectro-magnet. 

field of the electro- magnet, in which a magnetically induced 
current was at once set up. The current, or series of currents, 
thus induced, traveled on the line wire to the coils of the other 
electro-magnet, which, in turn, attracted the corresponding key 
of the harp, with the same strength and shape of wave as that 
which left the * transmitter," thus reproducing the sound by 
reversing the process. The theory of operation has been briefly 
expressed as follows: *'The strength of the induced currents is 
determined by the amplitude of the disturbing vibration, and 
the amplitude of the vibration at the receiving end depends 
upon the strength of the induced currents." It would seem, 
from the description of this instrument, that it presented the 
same difficulty as Reis's — imperfect trausnv\s.s.vou of the vowel 



mSTORY OF THE TBLEPHONE. 



75 



Sounds. It was also impractical from the vast expense of manu- 
facture. It is of interest, however, as representing the earliest 
form of the theory adopted by Bell. 

Tn his next experimental instrument Prof. Bell discarded 
the permanent magnet and induced currents, and adopted as 
: shown in Fig. 60 — an 
adjusting screw, so 
.he vibrating diaphragm. This 
;r's skin, and bears at its center 
; of soft iron to act as an arma- 
ture. This diaphragm, when vibrated by a sound, produced a 
variation fif the current in the coils of the magnet by disturbing 
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electro-magnet mounted on a ] 
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of force. This process enabled the current to transi 
variations in the strength and amplitude of its vibratious to the 
receiver which cuuld rctransform them into waves of sound. 
The receiver was another electro-magnet, in this instance con- 
sisting of a wire coiled about an iron tube. About this was an 
iron sheath, which was closed at its upper end by a thin plate 
of sheet iron lightly laid upon it, so that when no current was 
passing it would be just above the pole of the magnet. The 
urrent was able so to act on this diaphragm that the 
. varying the current in the receiver would be produced 
lilar currents, alternately attracting and releasing it. 
,'ere the instruments exhibited at the Centennial Exposi- 
1S76. 

Bell's First Permanent Magnet Receiver. — Later in the 
same year Bell discarded the e\ccl ro-magncV awi. Ns^V-Vtv^ , ™*^ 
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Belfs final experimental 
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attached a bobbin carrying 
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vibrate freely in obedience to 
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ay be varied by clamps. 
He also used a bar magnet, and opposed but one pole to 
the diaphragm. In this instrument the final form of the Bell 
telephone was reached. It only remained to make a suitable 
case for it, as shown in Fig. 6i, and this need was supplied by 
the ingenuity of Prof. Fierce, of Brown University, Providence. 
. I. In this figure, M is the bar magnet, £ the wire-wound 



i 



msTORV OP THE TELEPHOXE. 75 

bcbbin, /, and /, the line wires carrying l!ic speech-bearing 
current through the binding-posts, C and C\ D is the iron 
diaphragm, and E the mouthpiece of the case. The present 
type of magnet telephone differs in no essential particular from 
this instrument, except in the fact that the mouthpiece is now 
screwed to the head of the case by engaging a thread on the 
periphery, as will be noted in some of the figures of modern 
instruments given in ihe next chapter. 

Superiority of the Permanent Magnet. — The permanent 
magnet is superior to the electro-magnet in a telephone instrU' 
ment: first, because it dispenses with the battery cell in the 
circuit, and second, because in (he use of an electro-magnet 
the magnetic force and the stress due to the periodic vibrations 
— -contacts and withdrawals^of the diaphragm vary in propor- 
tion, so as to compel the diaphragm to execute double vibrations 
production of any one sound. The double vibrations. 




wa 
■ be 



while not observable, would have the distinct effect of rendering 
the reproduction of speech in the receiver less distinct. This 
was the case in the Bell instruments based on electro-magnets. 
Simplicity of the Magnet Telephone. — In considering the 
;treme simplicity of the I'.cll magnet telephone one cannot but 
rprised that it was not thought of sooner, particularly when 
we learn that the principle on which it works was recognized 
years before Bell ever dreamed of the electrical transmission of 
speech. Thus, as early as 1837 a Dr. Page, of Salem, Mass., 
first demonstrated the principle, that if a bar of iron be wound 
with wire, through which a current is passed, a dUtvao-t M.T\ft.5. 
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of sounds will be emitted by it every time it is magnetized 
or demagnetized. This is the basis of all receivers, from Reis 
lo Bell. Page and his contemporaries attributed the sounds 
thus made to "molecular disturbances, whereby liie bar was 
lengthened." 

Somewhat later a Mr. Farrar, residing in New Hampshir 
devised a receiving instrument, consisting of an electro-magnet 
whose armature vibrated in the center of an elastic dis 
diaphragm, and thus received musical sounds — he never thought 
of speech — from a distant transmitter, constructed on the plar 
of Bell's original experimental instrument, the several reeds oi 
rods being set in vibration by a keyboard, at the same timt 
closing a circuit. Prof. Dolbear, of Tufts College, 

compared the process of opening and closing the circuits to 
Helmholtz's tuning-forks, later devised to accomplish the same 
result by their vibrations, or to some of the harmonic devices 
now employed in quadruples telegraphy — the method of send- 
ing four messages over the same wire at the same time. The 
principle of harmonic vibrations, whereby, as we have previously 
seen, one string or bell of a certain note may call forth vibra- 
tions from another of the same note by merely sounding i) 
vicinity, is the one on which the modern system of "wireless 
telegraphy" is based. 

Prof. Boupseul's Prophacy. — In 1S54 Charles Bourseul, a 
French scienlisl, published a paper on the possibility of trans- 
mitting speech by electricity, in which he sa 

"Suppose a man speaks near a movable disc, sufficiently 
pliable to lose none of the vibrations of the voice, and that this 
disc alternately makes and breaks a current from a batterv; you 
may have at a distance another disc, which will at the same 
time execute the same variations. * * * • It is certain that 
in a more or less distant future speech will be transmitted by 
electricity. I have made experiments in this direction ; they are 
delicate, and demand time and patience, but the approxima- 
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tions obtained promise a favorable result" This favorable 
result was not achieved by Bourseul, however, but was delayed 
for twenty-two years, until Alexander Graham Bell perfected 
the telephone with the simplest possible electrical contrivance 
which could embody the principles laid down by the Frenchman. 

Sensitiveness of the Magnet Telephone. — Not only is 
the Bell instrument a model of simplicity, but its degree of 
delicacy is simply amazing. This fact has been shown by a 
number of experiments described by Preece, the noted English 
telephonist. 

Siemens' Experiment. — The first mentioned was by Dr. 
Werner Siemens, of Berlin. He took a Bell telephone, the pole 
of whose magnet was wound by 8oo turns, or convolutions, of 
insulated copper wire, one millimeter (.03937 '"ch) in diameter, 
and of iroohms resistance, and placed it in the circuit of one 
Daniell cell (i.o8 volt). By means of a mechanical commutator, 
placed in the circuit, the current from the cell was reversed zoo 
times per second, thus giving a series of impulses which pro- 
duced a loud crackling noise in the telephone instrument. By 
use of Ohm's Law, previously explained, we find that a current 
of 1.08 volt passing through a resistance of no ohms is equal to 
.009H1 amperes, or, approximately, .01 (lio) ampere. In other 
words, it is such a current as would deposit about .0000033 
grams (about thirty-three-ten-millionths of a cubic centimeter, 
or about two-ten-mlllionths of a cubic inch) of pure copper in 
one second, by the process of electro-plating. 

Such a current has an intensity of almost unimaginable 
minuteness, but Dr. Siemens further modified it by inserting a 
resistance of 50,000,000 ohms, and placing the primary winding 
of an induction coil in the battery circuit, the secondary wind- 
ing being attached lo the telephone. This added resistance 
must certainly have reduced the current strength lo a point 
about equal to. 000,000, 2 (two-ten-milliontiis) ampere in intensity. 
Hut the induced current was capable of maintaining a loud 
aoise ia the instrument, which sUU conX.vnuc6. a.\ii"to\^ t-jwi. 
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I when the secondary coil was pushed out clear lo the end or the 
I primary, thus reducing the inductive action of the primary coil 
\ to the minimum, and placing it beyond the reach of measure- 

Preece's Experiment.— Mr. Preece himself determined 
by a somewhat similar line of experiments that the Bell instru- 
ment will reproduce a sound actuated by a current equal to 
I ,ooo,QOQ,Doo,oQQ,6 (or sixtcn- trill ioHths) of an ampere in inten- 
sity, or such a current as could deposit about .000,000,000,000,03 
(or three-one-hundred-trillionlhs) of a cubic inch of pure copper 
1 each second of time. Similarly, by using an electrical con- 
denser of one microfarad capacity, which was discharged 




through the circuit of a Bell telephone 160 times per second, a 
French electrician, Pellatt, calculated that, with a voltage of 
.0005, representing the difference in potential, or electrostatic 
capacity, between the two terminals, an audible sound could 
still be maintained in the receiver. Such a voltage of electro- 
motive force would be of sufilcienl strength, as may be found by 
calculation, to produce one gramme-degree of heat in ten thou- 
sand years. That is to say, It would lake ten thousand y< 
[ore? to raise one gram, or t:\i\j\c 
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distilled water from zero, Centigrade, to one degree above, 
provided that the water retained every atom of heat imparled to 
it in the meantime. 

Still another interesting experiment is recorded in Houston 
and Kennelly's work, "The Elerlric Telephone." These authors 
lay down the rule that the sensitiveness of the Beil instrument 
to feeble alternating currents has been estimated as best deter- 
mined with a current of 640 alternations per second. This 
number corresponds, approximately, to the frequency of vibra- 
tions of the E note in the second octave below " middle C" in 
the piano scale. At this frequency, an alternating current 
strength of .000,000, 044 (or forty-four one-billionths) ampere 
has been found able to produce distinctly audible sounds. 
Whether this is considered the limit or not, it is calculated that 
the force required to maintain this current strength through 
the resistance of the usual telephone receiver, which is about 75 
ohms, is so exceedingly small that the work done in, raising a 
weight of thirteen ounces through a vertical distance of one 
foot, would sufTice to keep an audible sound in the instrument 
for 240,000 years. 

Such figures prove, either that the Bell telephone is the 
"most beautiful illustration of the equilibrium and unity of 
natural forces in existence," or else, that the standards of elec- 
trical measurements are on an entirely wrong basis. They arc, 
however, of interest a'; illustrating the curious facts regarding 
the perfection of this simple contrivance, although of little 
account in the questions connected with practical telephony. 





Fin. fij.— Bi-polEr receiver of Ihe Wislem Telcphmie Ctawtniclion Co. The adjust- 

brRSfi hloek below the coil bohhin.i. The melhod of allachinii tKe cord ban thr advantase 
of positive)]' preveuUne cdqUcU of the wires, and sboit dicuiting. 




LATER MODIFICATIONS OF THE MAGNET TELEPHONE. 

In the experiments jusL recorded, for testing the marvelous 
sensitiveness of the magnet telephone, we have found that the 
best results were obtained with alternating currents^those that 
are made to flow first one way and then the other—and that 
the telephone instrument was used as an electro-magnetic 
motor, rather than as a dynamo. The difference, as we have 
seen, depends on whether the instrument is used as a trans- 
mitter or as a receiver, since the motor differs from the dynamo 
only in the fact that it is made to move by the currents which 
the latter produces. Agitation of the magnetic field of force by 
the steady shifting of the armature produces a current, which, 
in turn, may agitate another magnetic field and thus cause the 
armature to move in the same way. 

Conditions for Transmitting Speech. — in order to imr 
prove the practical telephone to the higliest point of efficiency 
two things are necessary, as we may readily understand : First, 
that the currents bearing articulate sounds should be, as far as 
possible, of the alternating type — such lias been found most 
effective for distinct transmission; and second, that tlie mag- 
netic field in the receiving instrument should be as strong as 
possible, with every point of its available space utilized. The 
first of these needs has been ably met in the numerous forms of 
carbon microphone transmitters, mounted with a voltaic circuit 
and induclion coil. The second has been almost as well sup- 
plied by the numerous improvements in magnetic receivers, 
although in general practice the original pattern instrument, of 
either one or two-pole contact, is still in common use. Magnet 
telephones are most often used only as receivers, on account of 
Ulieir extreme delicacy; and the carbon microphone has attaine(i 
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power in this capacity, and the various devices used with it to 
produce a strong alternating current of varying pressu.-e. 

Methods of Strengthening Magnet Receivers. — We may 

say that there are three ways in which inventors have sought 
to raise the eftlcieiicy of the magnet receiver; first, iny strength- 
ening the magnet; second, by increasing the number of the pole 
contacts; third, by increasing the mass of the armature. 

By far the greater number of new variations fall under the 
first head — strengthening the magnets. This result may be 




rphonc , 



accomplished in two ways; either by using a horseshoe magnet, 
both poles of which are in contact with the diaphragm; or, by 
"compounding" the magnet, or building it up by using a 
number of magnetized steel bars, in single or double-pole con- 
tact. Fig. 66 shows a compound bar magnet of the variety 
now most often employed in common receivers instead of the 
single rod at first used, as shown in Fig. 6i. Compounding 
the magnet is a method we may compare to harnessing a number 
of horses to a heavy wagon, and works with the same effect of 
combined strength. It is also preferable to employing single 
bar magnets of the same degree of power; both because it fs 
cheaper, and also because the several separate bars act on one 
another to prevent the magnetism from becoming e:<hausted as 
soon as it would be in any one of them used alone. 

Methods of Adjusting the Receiver.^Another problem 

which a number of inventorK and manufacturers have sought to 
solve is one of construction: how to obviate the effects of the 
differing ratios of espansion and contraction, as the weather is 
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w ami or told, between the hard rubber of the shell and 1 he steel 
of the magnet. Because this difficulty had not been met, the 
earlier forms of Bell instruments were often rendered useless, 
for the time being, by sudden changes of temperature. The 
first inventors to attack this problem sought to regulate the 
distance between the diaphragm and the pole pieces by an adjust- 
ing screw, passing through the bottom of the case so as to push 
the magnet forward or draw it back. In such Instruments the 
magnet was secured at the end furthest 
from the diaphragm. In more modern types 
the adjustment is effected by securing both 
magnet and pole pieces to a brass plate or 
cup, which is part of a rigid system including 
the diaphragm. 

Tho Siemens Telephone Receiver. — 

Among the best-known types of magnet 
telephone is the Siemens instrument, which 
is widely used in Germany. In general the 
case, made of sheet-iron, is so constructed 
that it can stand upright on a table or a 
shelf, and this was the invariable rale with 
a variety in which was included also a small 
ringing apparatus, consisting of an armature 
made to rotate between the two legs of the 
magnet and turned by a small crank in the 
side of the case precisely like the ordinary 
magneto-generator, to be described in a 
later chapter. The rotation of this arma- 
ture induces a current in the magnet coils 
causing the attraction of the diaphragm, i 

'ng instruments. A small ball laid upon the hori- 
:zontal diaphragm supplies the means for making an audible 
'fignal under such stress. The magnet, made of a rather 
|:l!>road and thin strip of steel, is secured to the tail of the case, 
a screw- The pole pieces con&'vsx oi \.via NWj ■avnsiX oXiwi^'^ 




I both I 
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coils brought very close together, and attached to the ends of 
the magnet by two thin steel plates carrying the soft iron 
cores. The instrument is a very powerful cine, and, in practice, 
is frequently used as both transmitter and r 



1 



lent, als( 



The Neumayer Receiver. — Another good inst 
I Germun invention, is the Neumayer receiver, ; 
vhich is shown in Fig. 67. It combines severai features not foum 
n other instruments. The magnet consists of five cylindrici 
■ods^ which touch at the '■south," or negative poles, and ar 
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5S.— The Ericsson receiver. This inslrumenl i 
*lanillh^"ex«lleu'l'S?i«fSrs^riiiBacliu»lnieiit. 
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held in position aroui 
brass ring, >". The 1 
through its center ri 
soldered the core, con; 
the kind used by floris 
By ihis device it i 



1 the core of the armature coil by the 
>il is wound on a wooden spool, and 
IS a thin brass tube, within which is 
sting of a number of fine iron wires, of 
; lo bunch together the stems of flowers. 
ieved that a greater inductive action is 



obtained, on the principle applied in the construction of induc- 
tion coils, that this " lamination " of the core reduces the effects 
of the induced E M F due to the rapid variations of the magnetic 
flux passing th tough it, hence overcoming the danger of induced 
secondary currents and lowering the magnetic resistance. With 
the high frequency telephonic currents this is a consideration of 
vital importance. The core, moreover, is in constant contact 
with the magnet bars, and thu5 iu lUe ficljl of magnetic fgrcf. 
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The Coil Is contained in a biass box, A', on the top of which is 
screwed the cover, clamping the diaphragm in place. The wires 
are attached to the binding-screws at S and .S', and the magnet 
is contained in a wooden sheath, which is secured to the brass 
hi^ad box. 




Defects of Early Receivers. ^Must of the earlier types of 
magnet receivers had either one of two grave defects in con- 
iction; either the adjustment of the magnet was made by a 
licrew passing up through the tail of the case, as in Fig. 62, 
■or a screw near the poies engaged a thread in the inside of the 
case. In both cases the adjustment was uncertain, particularly 
in the hands of inexperisnced persons, who would frequentlj 
^sUunage instruments affected by sudden cVan£e^\tv\e.«i^-^aJ->i.\^- 
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Boxed Coil Receivers.— In the i 

instrument the brass box for contain! 
about the same plan as that employed i; 
is rapidly being adopted. It 



theNei 



roved makes of 
lagnet coils, on 
mayer receiver, 



in arrangement superior ti 
ay attached to a hard rubber 
shell, because, as has been ascertained, the "coefficient," or 
ratio of expansion or contraction, under heat or cold, is about 
the same for brass and steel, and an adjustment between the 
core of the magnet and the diaphragm, once established, is 
likely to be maintained under all temperatures 




Telephone Magnets. — The magnets of the better class of 
telephone receivers are made of the hardest tempered steel and 
magnetized to a degree that will enable any one of them to lift 
a mass of iron weighing al least four — some even as high as fif- 
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teen — pounds. In practice the general experience seems to 
endorse the opinion that by improving the quality of the steel 
the power of the magnet may be best increased. 

Watchease Recaivers. — In addition to the ordinary long- 
magnet receiver there is another variety of a much more com- 
pact and convenient shape, which, from its general form, is 
One of the earliest patterns 



called the "watchease 




\oi this instrument was made with a coiled magnet, on one pole 
\oi which was placed the usual pole piece, directly under the 
I'diaphragm, the whole being enclosed in a case about the size 
land shape of the old-fashioned "turnip"' watch. Later exam- j 
I pies of this variety of receiver have either the arrangement of i 
Pthe Gower telephone — a semi-circular magnet with two pole 
Kcoils — or a polarized ;-ing magnet, the two coils being attached 

■ on the diameter. Watchease receivers are most often used, 

■ with the head-gear attachments, by telephone operators at 
^switchboard stations. 

The D'Arsonval Receiver.— An interesting variation of the ] 
I magnet receiver, in which the greater part of the stren^Uv ot Oat 

supposed to be directly utiV\zed \n VW cnjMa.'C\ii"Jv ■cX. J 
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the instrument, is the D'Arsonval receiver, widely used in France 
and other European countries. The inventor's contention is 
that the only really useful part of the field of a telephone mag- 
net is the part situated directly between the two poles; the por- 
tion of each coit outside of this area being almost completely 
lost, and only furnishes a useless resistance to the current. 




With this theory in mind, he constructed the instrument shown 
in Fig. 78. The permanent magnet is spiral-shaped, one pole 
ending directly under the center of the diaphragm and bearing 
the core oE the pole-coil; the other entering at the side of the 
wooden receiver case, and having at its end an iron cylinder 
which completely envelopes the coil, thus surrounding it com- 
pletely in a magnetic field of great intensity. The diaphragm 
is clamped in place in the usual fashion, and the conducting 
cords enter at the %\&& of the case opposite the negative y>le, 
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connections being made inside. The instrument lias given 
excellent results, although it has failed of a very wide use. 

The Phelps Crown Receivers. — The multiple contact 
receivers are less numerous, although worthy a passing notice. 
The earliest types were the Phelps "crown " receivers, designed 




1 1878. The "single crown" type is shown in Fig. 76. 
nthe magnets, bent double, are arranged around a 

, the north, or positive, pole of each one carrying a separate 
I, and the negative poles ending at the rim of the diaphrag^m. 
Wn " receiver, shown m ?\£. IT,^^ «,o-n!^ft.-«V^. 
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different in construction, being really two single crown instru- 
ments, with two diaphragms separated by a common vocalizing 
chamber, in which was also introduced a cone-shaped piece of 
non-conducting material. Both these instruments gave good 
results and loud, distinct articulation, but the expense of making 
them prevented their general adoption. 

The Goloubitzky Reneiver. — An instrument of somewhat 
f similar appearance is the Goloubitzky receiver, as shown in Fig. 
It consists of two circular magnets, to the four poles of 
■i\\ are attached the usual cores and coils; these be 




, or the wire from the positive coil running over to, and 
around, the next negative coil, so that there is a negativ 
tact at one terminal and a positive at the other. Goloubitzky 
observed that when the same message was delivered to several 
a station at once the sound was equally loud and 
ich; consequently, he reasoned, that to increase the 
ontacts in one instrument^really combining two or 
ments in one- — would increase the power of that 
The results, however, although good, hardly war- 
added expense and care required to get perfect 



receivers a I 
distinct in { 
number of i 
more instn 
instrument, 
ranted the 
receivers oi this type. 
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The Ader Receiver.— The last theory of improving the 
magnet telephone is that of strengthening the armature. The 
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best known tj-pe of this construe 

shown in Fig. So. It consists of 

almost circular form, and carrying ; 

fashion of all double-pole instruments. The 

ally nickel-plated, to ser\'e as a handle. The 

this receiver is the small ring of iron, R, e 

end of the mouthpiece, as shown. This rii 

the "super-exciter," acts to render the field 

more intense, and is di 

ciency of the 

phone authorities ih. 

in both this instrumi 

piece were made of t 



Fio. Si.iThemnt of a 



Ader receiver, as 

magnet, bent into 

ach pole, after the 

magnet is gener- 

special feature of 

icirciing the inner 

g, which is called 

of magnetic force 

ibtless one cause of the remarkable cffi- 

It has been remarked by several tele- 

le intensifying effect would be increased, 

and the D'Arsonval, if the whole mouth- 



There is a large number of receivers of patterns different 
fcfrom those described, in one point or another, but all combine 
nthe essential features of a permanent magnet, or magnets, bear- 
T'inp coils on the poles, and an iron diaphragm to receive and 
Lturn back into sound-waves the impulses brought along the line 
■ from the transmitting instrument at the far-away station occu- 
I'pied by the party with whom the conversation is being held. 

The instruments described are almost all in practical use, or 
/e been, and an understanding of their theories gives a fair 
I'ldea of the progress of telephony in several countries. 



CHAPTER SEVEN. 
THE CARBON MICROPHONE TRANSMITTER. 



Conditions foi* Good Transmission. — As we have seen, 
the earliest form of the Be!) telephone circuit was simply two 
lines of wire ending at the poles of two magnet instruments, 
with no battery. This arrangement is very satisfactory for 
short lines, where there is little or no interference from other 
electrical circuits, or the danger of meeting with unexpected 
objects that will impede or deflect the current. To meet such 
obstacles, and at the same lime transmit a clear and distinct 
message, a stronger current is needed than the magnetic field 
of a Bell instrument can generate. As we have seen, also, the 
effect of an alternating current and varying resistance is another 
necessity for getting distinct utterances at a distance. 

The Theory of Vflfying Ppcssure.— The need of a varying 
pressure to perfectly modulate the current was met in the Reis 
transmitter, but the light contact between the electrodes, as we 
have described it, created the constant danger of breaking the 
circuit and thus interfering with the perfect transmission of 
sounds. Conseqently, shortlv after the introduction of the 
magnet telephone, a number of inventors began working on the 
problem of a practical transmitter, which should embody the 
principle set forth by the French scientist, Du Moncel, that, 
" if the pressure between two conducting bodies forming part 
of an electric circuit be increased the total resistance of the 
path between them will be diminished, and if the pressure be 
, there will be an increase in the resistance." 



Berliner's Transmitter. 

make a variant pressure transc 
invented by Emile Berliner in 



-On 



of the earliest attempts U* 

is shown in the instrument 

It consisted of a vibrating- 
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metal diaphragm c 
receiver, and agains 
button, held in place by a thumi 
attached to the diaphragm and t 
By speaking against the diaphrf 
and hence alternately press hard 
thus varying Ihe pressure of the c 
Its working was not satisfactory. 

Edison's Carbon Disc Transmitter.— After an extended 
, course of experiments to determine the most suitable substance 



ictly the kind used in Che magnet 
center of this was a metal knob, or 
icrew. One electrode was 
other to the metal ball, 
n we cause it to vibrate, 
nd gently on the button, , 
rent supplied by a battery. 




for a varying pressure transmitter, Mr. Edison designed the 
■Varbon disc instrument, which embodies the theory on which 
Flransmi tiers have been constructed up to the present lime. His 
l,first pattern instrument consisted simply of a button of pium- 
f.'.bago, held against a small platinum disc and secured to the 
udiapliragm by an adjusting screw. Later he modified his plan, 
esigned the instnirtient shown in Fig. S;. Here the 
hcarbon button, C, made of compressed lampblack, is placeil 

t^tweeq two discs of platinum loli, f , aw^ aAXa.0£\.t4. Vti '^^i 
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enlarged end of the adjusting screw, ^S". In front of the forward 
disc of platinum rests a plate of glass, G^ to which is attached a 
rounded button of bone or ivory, A^ resting against the center 
of the diaphragm, Z>. This was a more practical instrument 
than was Berliner's, but, as was later shown by Prof. David B. 
Hughes, of England, the carbon transmitter requires, not only 
a variant pressure, but, also, a loose contact of the electrodes at 
ih I start. In the theory of loose contact we see a memory of 
Reis s instrument. 




Fig. S4.— Diagram of the Hughes Micr )phone. 

Hughes's Microphone. — Hughes based his theory on a 
device invented by him, known as the microphone, the simplest 
form of which is made as shown in Fig. 84. Here we have a 
circuit of wire, including a voltaic cell and a telephone receiver, 
and having as terminals two steel wire nails. The circuit is 
closed by laying a third nail across the other two. K, now, a 
sound, as of the ticking of a watch, be made near the nails, 
it may be distinctly heard in the telephone receiver, although a 
considerable distance intervene. A more perfect form of micro- 
phone made on the same principle, consists of a pencil of 
l)attery carbon, sharpened at both ends, and loosely attached 
in sockets hollowed in two carbon blocks, which form the 
electrodes of the instrument. The whole, mounted on a reso- 
nant sounding-board, is extremely sensitive to minute sounds — 
being literally, as its name indicates, to small sounds what the 
microscope is to small objects, 
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Kunnlngs' Dust Transmitter. 
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Tho Blake Transmitter. — Another instrument that has 
seen considerable use both in this country and England is the 
Blake transmitter, shown in Fig. 85, Here, M is the dia- 
phragm, behind which is screwed an iron ring, carrying the two 
projecting pieces, B and D. Upon the up^ev ^vo^ittL\,\.o^, B., 
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is fixed the angle-piece, C, by means of the flexible brass strip, 
H, with its lower angk abutting against the adjusting screw, 
N, which is fitted into D. It is by this screw that the instru- 
ment may be adjusted whenever its working becomes defective. 
The diaphragm, an iron disc, is surrounded by a rubber ring, 
R, which is secured behind the mouthpiece by two " damping " 
springs, one of which presses on ihe rubber ring and the other 
on the diaphragm. On the upper arm of the angle-piece, C, 
are fixed two springs, F and C, the former of which is insulated 
from the metal of C by a clamp of hard rubber, or other suitable 
non-conducting material, Z. The latter, G, is in direct electrical 
connection with the metal of C. The spring, F, carries on its 
extremity a short section of platinum wire, L, which rests 
directly against the center of the diaphragm, on one side, ant! 
against the carbon button. A', fastened in the brass cup, P, at 
the end of the spring, G. The motion of the diaphragm varies 
the pressure between the platinum point, L, and the carbon 
button. A', and thus varies the current which passes from the 
battery through the iron frame ring, thence through B, H, C, G, 
F, A', L, F, and out again from the contact, Z, at the spring, F. 
The rather complicated series of springs and levers is intended 
to hold the contact pieces in position, so that no variation of 
the sound may be lost, either through a too loose contact or the 
wearing of the carbon disc. 

Varletia* of Carbon Transmitters. — Both the Hunnings 
and the Blake types of transmitter are constructed on the prin- 
ciple of the microphone — both have one or more carbon elec- 
trodes in loose contact, susceptible of varying pressure, accord- 
ing to the movements of a thin metal disc, moved by the stress 
of the voice. There are three general types of carbon trans- 
mitter, all embodying these same principles: i. Carbon pencil 
transmitters. 2. Carbon granule transmitters. 3. Ball or but- 
ton transmitters. Of these three kinds, the first is most like in 
pattern to the original Hughes microphone, consisting of two or 
more carbon pencils arranged in carbon sockets in a variety of 
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Ber^ around the center of u wooden diaphragm. The idea 
Jthus varying the arrangement is that the sound impulses, 
I the diaphragm, spread in various directions and should 
Ktnet by appropriately arranged carbon pencils. 

' The D'Arsonva! transmitter is among the most elaborate, 
Kh pencil being covered with a cylinder of sheet iron and 
nent horseshoe magnet being mounted behind the row 
lipencils, to provide an added means for producing a variable 
Ksure, as it attracts the iron covers and holds them so long 




i the stress of the voice on the diaphragm continues the 

1 pressure. Such transmitters are common in France and 

ler European countries, but have gained np favor in America. 

Carbon Ball Transmitters. — The ball, or button, trans- 
itters are equally interesting and various, although the prin- 
ple of their construction is only a type of the same kind of 
instrument as the pencil transmitter. Fig. S6 shows a form of 
this instrument, which consists of three parts; a carbon dia- 
phragm, a carbon block, or plate, having a number of couud. 



r 
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cavities, and the same numijer of carbon balls, of a size to fit 




loosely into the cavities and be held in place when the carbon 




plate carrying them is fastened into a frame with the diaphragm. 




Another form of this instrument has one large ball, fitting into 




a cup of carbon or meta! and held against a carbon diaphragm 




in the same manner. 
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FiQ, Ra,— Back Electrode Carbon Plate 
for Berliner's Tianamitler. 

Berliner's Universal Transmitter. — Several types of mod- 
ern dust transmitters employ, as the back electrode, a block of 
carbon with a series of cones or concentric circles, as show 
Fig. 88. The plate, thus worked, is separated from a carbon 
or metal diaphragm by a quantity of carbon granules, which a 
evenly distributed in the spaces between the cones or circles, 
thus preventing packing at any one point and distributing t'lc 
pressure. Of this type is the well-known Berliner Univej-sal 
Transmitter, depicted in Fig. 87. Here we see the peculiarities 
of its construction, which renders it desirable to place the car- 
bon diaphragm in a horizontal position and allow the bai tc elec- 
trode, the circular-grooved carbon plate, to rest upon it. The 
grooved plate, C, surrounded by a cover of felt, P, which 
touches the diaphragm about its circumference, is held just 
above the diaphragm by a quantity of carbon granules to give 
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the variable resistance. On the center of the diaphragm rests a 
short rubber lube, held in place by the niicromeler screw, E, 
thus ser\-ing to damp or modify the vibrations of the diaphragm. 
Tile same screw holds the carbon block in position and also 
holds the back electrode. The other electrode is at the brass 
ring which clamps the carbon diaphragm into place. 



II The Solid Back Transmitter. — A form of carbon trans- 
tnilier most often used in the United States is shown in Fig. 89. 
It is called the '' solid back," or White transmitter, and is one 
of the most efficient in use. The back electrode is a metal 
case, W, secured by an adjusting screw to the supporting 
bracket, P. It is lined on the inside with white paper, to serve 
for insulation. Inside, against the rear wall, fits the small brass 
disc, B, which carries a pin on its center to attach it to the sup- 
port, and on its face carries a button or plate of carbon. In 
front of and around this carbon disc is a quantity of granules, 
which rest on the other side against another carbon disc, carried 
on tiie brass button, E, from whose center projects the screw- 
threaded bars, R and Q. Over these fit the mica washer, Af, 
the nut, U, and the cap, C, which is screwed in position. The 
bar, Q, projects through the center of the vibrating diaphragm, 
/?, and is held in position by the nuts, 2" and 2", which act as 
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Improved Tran»mlttor». — The number i: 
lly being put upan the market by v 



,rers is simply i 
ndoubtedly excellent, 



s manufaU 
Many of the features embodied are 



nd 1 



irked 






been made, both in efficiency and durability. Where carbot 
grain is used the principal problem has been how to preven 
packing, or solidifying, which inevitably results in disabling Uie 1 
transmitter by destroying the loose contact. 




ThB Centupy Transmitter. — The improved transmitter of 
the Century Telepiione Ctinstruction Co., shown in Fig. 90, 
presents many points of excellence that are worthy consid- 
eration. It is one of the best of the several improved forms of 
the "solid-back" transmitter, just described. Here, D is the 
hard rubber mouthpiece ; A, the cup containing the electrodes; 
B, the cover, secured to the bridge-piece, C, by the screws, as 
shown. The extra strength of the bridge-piece is one of the 
features of this instrument, securing, as it does, perfect rigidity, 
and obviating all danger of warping or "buckling," as must 
frequently occur in ill-constructed instruments. In the center 
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e bridge is screwed the brass cup, F', which contains a 
in of compressed carbon, A'', and forms the back electrode, 
lilar cup, F'', is screwed to the diaphragm, as shown, and 
s the front electrode. The two are separated by the mica 
ers, //and H, and the felt washer, G, which form a cham- 
i, to be filled with carbon granules. As will be seen, the 
fcamber thus formed is enlarged into pockets at top and bot- 
Jffm, and into the lower one the carbon granules, having a tend- 
[ency to pack, will settle out of the path of the current. Rapid 
and accurate adjustment may be obtained by turning the screw 
aX.F\ 
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;s used are prepared by a secret 
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high reputation for many years. Reference to the figure will 
show that the general construction is much like that of the Ber- 
liner Universal Transmitter, already described. Here, D is the 
diaphragm of ferrotype iron, to the rear side of which is 
secured a gold-plated disc, forming the front electrode. To the 
outer face of the diaphragm is cemented a cover of oiled silk, 
which proves an effectual proteclion trom ixiQ\'i\.\i'5ft. "X-Vt 
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grooved carbon block, C, forming the second electrode, is 
secured to the rear of the case, from which it is properly 
insulated, and connection is made by the screw protruding at 
the end. Two double damping-springs, S and S, hold the dia- 
phragm in place. A ring of felt, FF, surrounds the rear carbon 
■ block, and, bearing against the diaphragm, serves to retain the 
carbon granules. Another ring of felt at the center of the 
block surrounds a small coiled spring, which still further damps 
the diaphragm, and prevents harshness of tone in speaking. 




CHAPTER EIGHT. 
THE CIRCUITS OF A TELEPHONE APPARATUS. 
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mitters we have described, we have seen that the apparatus 
for producing the variation of pressure is composed of two car- 
bon contacts, or one carbon and one metal contact, but in this 
arrangement there is no provision for producing a current, as in 
the magnet telephone. The transmitter can only vary a current, 
consequently there must be some other source of electrical 
activity. This is supplied by a commercial voltaic cell, or bat- 
tery of several ceils, and in general usage we have the type of 
cell known as the "open circuit." 

Open Circuit Batteries. — The open circuit cell is so called 
Luse it has the power of recuperating its strength, or "depo- 
larizing," whenever the circuit is left open or is not in use. The 
closed circuit cell woiks best when in constant use, and has the 
power of constantly depolarizing itself. It is used where a 
strong current is constantly needed, as in telegraphy. 

The condition known as "polarization" is, briefly, due to 
the collection of minute bubbles of hydrogen gas on the face of 
the negative plate, which interferes with the production of elec- 
tromotive force by reducing the active surface of the plate, and 
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hence increasing the internal resistance of the cell. This effect 
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i)n the contrary, the most common and 
efficient type of which is the Leclanche, 
so named from ils inventor, a celebrated 
French electrician, the depolarizer is diox- 
ide of manganese, which surrounds the ' 
carbon plate When the circuit is open and 
current has ceased tu flow, the oxygen is 




constantly given off from this subslan 
free hydrogen, and the manganese th< 
from the air. Thus the battery is ir 
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1, In this figure the carbon plate is inserted 
in a porous cup and surrounded with a qiianlily of granulated 
carbon and manganese oxide. The zinc electrode is a pencil at 
the side of the porous cup, both being immersed in a solutii 
of sal ammoniac. 
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tation telephone apparatus. These are in all respects like the 
ordinary cells, except that the liquid solutions are rendered 
practically solid by being mixed with such substances as zinc 
oxychloride, gelatinous silica, or powdered gypsum. The ad- 
vantage of this arrangement is that there are no liquids to 
spill and cause damage. 

Strength of Current Required. — According to the prin- 
ciple that the variation in the strength of the current passing 
through the transmitter is the most important thing next to the 
consideration iha 
that the slightest 
follow that the si 
mission of the vo 
certain point the current tends 
thus destroy the transmitter in ti; 
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The Induction Coll. — During 1 
tical telephony (1876-81), the Iran 
always placed in one circuit. Thisw 
transmitter had come into general 
it was soon found that practical resi 
with the instruments in direct cor 
produced in the total line resistance 
the transmitter electrodes were so 1 
be scarcely perceptible in the receiver at the other terminal of 
the circuit. In 1881 Mr. Edison devised a most effective method 
for remedying this difficulty ; connecting the two terminals of 
the circuit, including the transmitter and galvanic cell, with the 
primary winding of the induction coil, the secondary winding 
of which was connected direct to line. By this arrangement of 
the circuits — which was really Professor Gray's idea, and had 
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been used by him in connection with his harmonic telegrapli as 
early as 1875— not only was the pressure of the line current 
increased in a ratio of about ten to one, bnt a rapidly alternat- 
ing current was obtained in place of the direct, varying pres- 
sure one previously used. 

Action of the Induction Coil. — As we have already seen 
in the section on induction, the inductive influeiice of one circuit 
on another becomes perceptible on two occasions ; either when 
the circuit is made or closed, and again when it is broken; or, in 
the same way, when the strength of the current is increased, 
either by adding to the voltage or diminishing the resistance, 
and again when it is similarly diminished. Thus each distinct 
sound, as it affects the diaphragm of the transmitter, decreases 
the resistance in the primary circuit of [he induction coil, and 
i.iduces a momentary current in the secondary winding in the 
opposite direction to that in which itself is moving. Each suc- 
cessive reaction of the diaphragm and the variable pressure 
electrodes at the completion of every successive sound induces 
:i momentary current in the same direction as that in which the 
primary current is moving. Thus the full effect of current alter- 
nation is obtained. 

■ Glze of Telephone Colls. — The dimensions of telephone 

Bnduction coils, suilal)Ie for given instruments, is a matter of 
' considerable calculation and experiment, in which questions 
regarding the sine of the primary and secondary winding-wires 
and the length of the line must be carefully considered. Coils 
for long-distance work are longer and of greater inductive 
capacity than those used on shorter tines. One of the most 
efficient makes of induction coil for ordinary service is con- 
structed as follows: The core is composed of about 500 lengths 
of wire oE size 34, B. & S. (American Wire Gauge, or Brown & 
Sharpe), each wire in the bundle having a diameter of about two 
one- hundredths of an inch, or 20. 100 mils. The bobbin is four 
inches In length, and the core nine-sixleenths inch in diameter. 
The primary winding consists of about aoo tiirn^ ot Kq. ■ 
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An Alternating Transmitto p. —Several inventors have occu- 
pied themselves with the problem of making a transmitter that 
shall produce a true alternating current independent of the undu- 
lations of pressure that produce this effect through an induction 
coil. One of the most successful instruments of this type is 
the one invented by G. F. Payne and William D. Gharky, two 
telephonists of Philadelphia. Fig. 94 shows a section of this 
instrument, in which A represents the mouthpiece of the trans- 
mitter, enclosing one side of the diaphragm, D. B represents 
a closed cylindrical box. within which are five piston-shaped 
electrodes, three of them, -Y, Y, Z, being fixed, and two others, 
AI'a.'ad.N, arranged to slide back and forth as impelled by a 
piston-rod attached to the center of the diaphragm by a screw 
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piercing its center. Each electrode bears plates oi carbon, 
shown at C, C, C, C, C. The spaces between the electrodes are 
ifilled with granular carbon, which is prevented from leaking out 
into other compartments by the felt washers, /", F, F, F. The 
battery wires are so attached that the movable electrodes, 
J/ and A', form the twu terminals of the circuit. The three 
stationary electrodes, -V, I-', /f, are connected, as shown, with 
ithe primary winding of the induction coil. 

The method of operation is as follows: When the sounds 
of the voice strike the diaphragm they produce the changes 
characteristic of sound waves, causing the diaphragm and the 
piston attached to it to vibrate, first inward and then outward. 




1 result of this action and reaction, in varying degrees of 
force, the electrodes M and N are first brought into electrical 
intact with the electrodes Kand Z, and then, with X and V. 
Iius, by the first motion, the circuit is closed by the wires at 
e right and center, leading into the primary of the induction 
roil; by the second motion, by wires at the left and center. So 
c center wire is alternately positive and negative, and the left 
d right ones, in turn, form the opposite poles of the circuit, 
d the current passing through the primary of the induction 
jii, flows first in one way and then in tlie other. The effects 
I alteraatioa are thus vastly increased. 
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The Magneto-Generator Bell Call. ^Before explai 

^the circuit arrangements of a leleplKine apparaicis, it will be 

■ necessary to deal with just one more contrivance^the bell call. 

I As we have already seen, this consists of two gongs that are rung 
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between the poles of the magnets. It will be seen that it is a 
dynamo-electrical machine in all respects except that permanent 
magnets are used instead of electro-magnets. Fig. 95 shows 
the armature core and Fig. g6 the method of winding on the 
insulated wire, and the position of the armature in the pole 
casting. This wire, thus wound, acts to all purp<Jses like the 
single loop armature shown in Fig. 3S, except iluil the large 
number of its turns permits a variation in the number of the 
" magnetic force that pass through it in its various posi- 
tions. When it is horizontal these are fewes,t; when vertical, 
in the greatest number. On this account, when the movement 
!S from the horizontal to the vertical, the current generated flows 
through the coil in one direction, say, from right to left, as the 
generator stands in its box in the telephone apparatus; when 
the movement is from vertical to horizontal, the number of mag> 
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nelic lines constantly decreasing, the current flows from left to 
right through the coils. The magneto-generator, from its very 
construction, is, accordingly, an alternating current dynamo. 

Strength of the Current Generated by the Magneto Call 

Generator.— The current generated is a high pressure one, 
sufficient to carry the electrical impulses along an extended line 
wire, and ring the signal gongs at the distant station, or operate 
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The Bell Magnet.— The current generated thus rings the 
bell, in both the calling and the receiving apparatus, by energis- 
ing the coils of an electro-magnet of the double-pole type, and 
causing it to attract its armature, to which is attached the clap- 
per of the bell gongs. The construction of this device is shown 
in Figs. 97-9S. As will be seen, the rod of the ringing clapper 
is attached to a bar of iron which is pivoted at the center. The 
pivot-pin is inserted in a piece which is fixed parallel to the axes 
of the magnet coils, so as to allow the armature to sway from 
side to side as it is attracted, first by one pole and then by 
the other. This pivot-post is an U-shaped permanent magnet, 




clappti 




and its function in the apparatus is to act as a "polarizer." 
That is to say, its duty is to magnetize by induction the pivoted 
armature and the cores of the electro-magnet. Thus, if the 
two cores of the magnet coils acquire a polarity of a positive 
quality, the armature will be negative, and, as a'result, will be 
attracted to the one pole or the other of the electro-magnet. 
Since the coils are oppositely wound, a current passing through 
them will tend to strengthen one pole and weaken the other; 
hence causing the armature to sway toward the pole of the 
greatest strength. Then, because the current produced in the 
generator is an alternating one, flowing in one direction and 
then in another, the armature is attracted by each pole succes- 
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Resistance of the Generator. — The armature of an ordi- 

,ry hand generator is usually wound to an internal resistance 
least 300 ohms, and in some cases as high as 700. The 
resistance of the common type of ringer coil is between 75 and 
100 ot\ms, although, when intended for use in bridging instru- 
ments, it is sometimes wound as high as 1,000 ohms. The 
purpose of inserting this high resistance, and impedence, in 
circuit, will be explained later. The telephone ringing appa- 
ratus is one of the most efficient instruments of its kind in the 
market, and the delicate adjustment of its parts, ihe result of 
years of practical experiment, enables the telephone to be the 
useful device it is, providing a thoroughly practical catling 
apparatus for even the longest linos and the noisiest stations. ' 

In order to avoid a rather natural misapprehension, it 
would be. well to mention here that when, in telephone par- 
lance, one speaks of a generator of so many thousand ohms, 
reference is not made to the internal resistance of the armatme 
winding, but to the output-power in li M F oi the generator. 
'hus by a generator of 5o,qoo ohms we mean one that can ring 
own bell through a line of that resistance. 




CHAPTER NINE. 

THE SWITCH HOOK AND ITS FUNCTION IN THE 

TELEPHONE APPARATUS. 

The Automatic Cut-out. — From the descriptions so far 
ji^iven it may be readily seen that in a telephone apparatus there 
art' two distinct circuits — the calling circuit and the speaking 
circuit. Even a novice can understand that both cannot be 
included in the line at one time; since it is evident that the 
great resistance to the current offered by the generator and 
bell magnet coils would materially interfere with the successful 
transmission of the voice. Accordingly, there is a perfect sys- 
tem !)y which either of these apparatus is cut out of circuit 
whih' the other is in use. The result is accomplished by the 
device known as the switch hook, the working of which has 
been described in Chapter One. 

The Attachment of the Switch Hook. — One form of 
hook switch is shown in Fig. loo. While differing in some 
details of construction from the types produced by other manu- 
facturers, it possesses all the essential features we need to 
understand. These are, briefly, the three points of electrical 
contact — two below and one above the shank of the hook lever. 
As the hook in this cut is up — that is, relieved of the weight of 
the receiver, which, as we have seen, is intended to hang upon 
it — we see that the contact of the shank is with the two springs 
below. When the hook is down, or has the receiver hanging on 
it, the contact with the lower terminals is broken, and connec- 
tion is made with the upper one. This is the position of the 
switch hook when the telephone apparatus is not in use, and the 
receiver is hung. Then, by the arrangement of the wires end- 
ing at the lower and the upper contacts, the transmitter and 
receiver are cut out of circuit, and the calling apparatus is con- 
nected direct to line. Similarly when the receiver is removed 
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^^^m the hook, and it is allowed to spring up by the tension of 
^^« leaf spring which bears on the shank, as shown in 
^»^e circuit of the transmitter battery is made, and i 
^\)oken into the transmitter at another station may be heard in 

^lie receiver. This is the reason why the crank of the call-bell 
generator is always turned before the receiver is lifted from the 




inging the call bell. 



hf the 



fn the receiver it is useless to 
s he merely makes a noise in 
.lightest degree attracting the 
)r of the man at the other end 



Hook Down " and Hook Up.' 

am, how the switch hook operates to open and close the 
its of the telephone apparatus. The first section of the 
l!g;ure shows the conditions at "hook down"; the second sec- 
tion at "hook up." The dotted lines indicate the wires not in 
use on either occasion. As may be understood, with very little 
study, a current entering the apparatus along the line wire, 
when the hook is down, will pass through or around the mag- 
neto-generator, by means of an automatic "shunt," to be pres- 
ently explained; [hence through the coils of the call belis, 
causing them to ring; afterward aloYi^ Lhe \iuc \.tj vV^ \'ai-««.x 
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contact of the switch hook, through the shank and fulcrum of 
the hook Sever, and out by the return line wire, in case it i; 
metallic circuit, or to ground, in case it is a grounded return 
circuit. As soon as the hook is allowed to rise, by the removal 
of the receiver, the circuit of the magneto and call bell is 
broken, and thai of the talking instruments thrown in, by th-^ 




contact of tlie hook shank with the two terminals, as show-n in 
the cut. Then a spoken message entering the apparatus along 
the line wire, as before, passes through the coil of the receiver, 
to be delivered at the diaphragm ; or, a message spoken against 
the diaphragm of the transmitter, passes out by the same wire, 
by means of the primary and secondary windings of the induc- 
tion coil, through the two contacts of the hook switch. 

Generator Cut-outs and Shunts. — In the practical work- 
of a telephone line it would be extremely undesirable IQ 
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: current entering the apparatus, for tliS plifpOse of 

^ Vending the call bell, to pass through the high resistance coil 

■ * the magneto-generator. Such a thing would greatly decrease 

^"•■^ power of the current to ring the call bells. Thus, while it 

■desirable to have the circuits of ihe magneto so arranged 

■It It can be readily thrown in, it is equally necessary to have 
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lunted, or bridged out when not in use. To accomplish 
result a number of ingenious devices have been adopted, 
ind are manufactured in connection with Ihe apparatus of the 
everal makers of telephones. The object of all is to furnish a 
(ne of lower resistance than the coil of the generator, and, by 
this means, to sirunt the incoming current around the armature, 
and thence to the magnets of the call bells. ■ 

Famiirar Shunting Devices.— Two of the most typical 
forms of automatic cut-out are shown in Figs, lo.^ and 104. 
Fig. 103 shows the form of shunt used b^ \.\\£ftc\\ '\ (JX^^V'^.tui- 
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Company. Its construction and theory are simple and effective. 
The gear wheel, A^ is mounted on the crank-shaft, B^ in such 
a way as to allow it some small freedom in turning. The shaft, 
B^ bears a spiral spring, C, which is held against the terminal 
post, Z>, by the binding collar, E^ the result being that the 
point, F^ of the crank is held in contact with the leaf-spring, G. 




E 2 '*J 






Fig. 103. — Ai mature Shunt of the Western Electric Co. 

Thus an electric current entering the apparatus through the 
wire, H^ passes through the spring, G^ along the shaft, B^ and 
thence to the coils of the call bell through the wire, H^. This is 
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Fig. 104.— Post Centrifugal Armature Shunt. J, J. J, Diagram of armature winding; 

K, End of the core flange, as shown in Fig, 95. 



the arrangement which exists when the magneto is out of use, and 
the call bell free to be rung by currents coming from without. 
So soon as it is desired to operate the generator, this shunt is 
broken by the mere act of turning the crank handle. Turning 
the handle moves the pin, y, out of its slot in the hub of the 
gear wheel, causing the binding collar, E^ to compress the 
spring, C, against the post, Z>, and thus to release the point, /', 
from its contact with the spring, G, Because tVve SK^rla^^ G^ is 
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iittaclied to the terminal post by an insulating block, A', the 
circuit is broken through it, and the coil of the generator is 
thrown in. This cut-out is a true shunt, affording a path of 
the lowest resistance in place of the long line wire of the 
armature coil. 

The Post Cut-out.^Fig. 104 shows the Post cut-out, so- 
called from its designer. Its operation depends upon centrifugal 
force instead of a pull spring. Here A is the shaft of the 
armature shuttle, which is turned by the pinion, B, worked by 
the gear wheel of the crank shaft. One end of the armature 




winding coil is attached to the shaft by the pin, C, and the 
other to the pin, D, which is insulated from the metal of the 
shaft, as shown by the shaded parts around it, and leads the 
current to the terminal connection through an insulated path. 
This pin has a platinum head, which, when the apparatus is at 
rest, is in contact with the bob, £, carried on the end of the 
light leaf spring, F, which, in turn, is secured to the shaft of 
the shuttle by the screw, G. So soon as the shuttle is revolved 
by turning the crank, the end of the spring, F, naturally flies 
outward, impelled by centrifugal force, until the bob, F, comes 
into contact with the stop, H. Thus the shunt circuit is 
broken, and the coil of the armature is thrown into action. It 
is necessary that the shunt be broken; otherwise the generator 
would be short-circuited tlirough the spring, F, and no current 
could emerge to ring the bells. 
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The Holtaer-Cabot Shunt.— Like all appliances for tele- 
phones, the automatic shunting devices are manifold in number. 
One of the simplest and most effective of the more recent con- 
trivances is shown in F"ig. log. It is manufactured by the 
Holtzer-Cabot Electric Co., of Boston, Mass. On the end of 
the armature shaft is mounted a small cylindrical brass box, in 
metallic contact vviih the spindle, and partly filled with copper 
granules, or she ' wire, which are silver- 
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platea lo prevent corrosion, and insure more perfect electrical 
contact. So long as the armature is at rest, a circuit of the 
smallest possible resistance is established between the end of the 
spindle shank and the sides of the box. The slightest move- 
' ment of the armature disturbs this; and, as soon as it begins lo 
revolve, the metallic granules are thrown outward, by centrifu- 
gal force, thus effectually breaking the shunt. Fig. loC shows 
a generator furnished with a centrifugal shunt of this descr 
tion. 




\ 



CHAPTER TEN. 

THE SWITCHBOARD AND THE APPLIANCES OF THE 
CENTRAL STATION. 

Telephone Systems, Large and Small. — As we have 
seen, each telephone apparatus includes a transmitting and a 
receiving instrument — the one to talk into, the other to receive 
the messages from some other telephone apparatus. It follows, 
therefore, that between any two apparatus there must be a line 
of wire suitable to convey the electric current bearing spoken 
messages. In a small system, with but few instruments, as in a 
country town or in a large manufactory, there may be a number 
of wires leading from each instrument to every other, so that 
one telephonist may call up any other in the system by simply 
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Grounded and Metallic Circuits. — It 
(plain to any one thai if an inter-commun 

adopted in connection with any number of 
.pbove ten or twenty, or in any town of 

Ihe amount of wiring necessary t 
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would be beyond the possibilities of commercial expenditure, 
positively essential that, in all but the smallest syst 
apparatus have but one circuit — an incoming and an out- 
going wire, or an incoming wire and a ground return. The 
ground return " is the method made familiar by its adoption 
telegraphy. Here, as we know, the wire carrying the mes- 
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sage current is strung on poles, or buried in cables, and the 
return current, that completes the circuit, flows through short 
lengths of wire to the ground, and thence back to the sending 
station. The attachment in the ground is made either by water 
mains or sewers, or by sheets of metal buried at the required 
depth. This system is impracticable in cities, where the ground 
is filled with pipe lines and other obstacles that would inimensely 
weaken any current, or subject it to outside interferences — sneak 
currents and contact with other circuits — and most often destroy 
its power to transmit articulate sounds. To reduce these inter- 
ferences to a minimum, metallic circuits, consisting of two dis- 
tinct lines of wire, of the same size and material, are most com- 
monly adopted. All lines are then carried to a central station, 
where are installed devices suitable for connecting, as desired, 
any two subscribers. 

The Switchboard I Its Construction and Operation. - 

For the purpose of making these connections a device known 
as a switchboard is employed. Fig. 107 gives an idea of the 
general appearance nnd construction of a common form of this 
apparatus. As may be seen, it consists of two distinct parts: 
a series of upright panels carrying drop shutters and round 
apertures under the annunciator numbers; and a horizontal 
board or table, upon which appear a number of upright instru- 
ments, and in front of them a row of short levers. The panel 
apparatus thus consists of a number of small instruments such as 
are used on a hotel annunciator, which are known as ** drops, " 
and of another series of instruments, fixed behind the round 
holes on the front of the panel, which are called ** jacks," or 
spring jacks. The upright instruments, that stand in rows 
below the panel-boards, are the ** plugs"; and each of them is 
secured at the end of a flexible cord, passing through a hole in 
the switchboard table, attached at the back of the board, as 
shown in the next figure, and held in place by pulley weights. 
The object of these plugs is to close the circuits between any 
two subscribers' lines, one of a given pair being inserted in the. 
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responding to the calling station, and another in 
t corresponding to the called station, connection being made 
ween the two lines by means of the flexible conducting 
ds. The row of small levers at the ^tou\. ol \.\\t \aM\.t »s« 
Operator's "Jislening and ringing Ve^'^," 
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Making a Telephonic Connection. ^The method of Oper- 
tinf( the ^witititHiard \i us follows: When any subscriber 
iMJre* In have commiinicalton v.hh any other, he will, as WC 
I hitfc seen, oprrutr ihc mn};neto of his instrument, thus sending 
[ the line wire, which causes iKe shmter of \he 
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drop lo wlikii hi^ wire is connected to fa)l, ilius giving his 
number to tlie wpcratur, who sits in front of tlie switchboard 
table. Since each subscriber's circuit is completed at the drop 
of the board, any one can understand the method of causing 
the shutter to drop by thinking of the operation of the ordinary 
burglar alarm, or of a hotel teleseme. As soon as the drop 
shutter falls, the operator lifts the inner, or "answering," plug 
of the two immediately under the row of drops in which this 
particular one happens lo be, and inserts it in the hole of the 
jack bearing the corresponding number. Then, by moving the 
listening key in the row immediately in front of the drop and 
plug in question, she throws her own telephone set into circuit, 
and is thus able to communicate with the subscriber calling. 
Having learned the number of the subscriber with whom he 
wishes to speak, she takes the forward plug of the two imme- 
diately below the drop of the calling subscriber, and inserts it 
in the Jack of the number corresponding to that of the subscriber 
called. This done, she moves the ringing key in the first 
subscriber's row, so as to sound the call bell of the one called; 
the current for this purpose being supplied, either by a hand 
magneto-generator titlached to her section of the switchboard, 
as shown in Fig. loS, or else by thus throwing into circuit the 
wire leading to and from a power-driven dynamo attached to 
the exchange. The latter is the plan adopted in all large 
exclianges. 

The Clearing-out Drop. — As soon as the operator has 
attracted the attention of the called subscriber, she again shifts 
the key, thus throwing the two into one circuit, and enabling 
them to have their conversation. As soon as this is finished 
each hangs up his receiver and turns the crank of the magneto 
of his apparatus, thus causing to fall another drop, usually 
placed at the base of the panels, which is known as the "clearing- 
out" drop. On receiving tliis signal, the operator restores the 
keys to their first position and removes the plugs from the jacks, 

K lowing them to be drawn down by weights attached to their ^| 
irds, to tbe;r pJiice in front ol t\ie paLi\e\, a=,%\\w"«u\VL\^^'u'^':^. ^1 
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The Circuits of a Switcii board.— As one mighr 
guess, the switchboard, like the telephone apparatus alreadi 
descrii>ed, is a combination of several different circuits, each o 
which wnrk'^ fiTily when the others are cut out of line. Whei 




the telephone apparatus is at rest the call bells are in circui) 
so, in the switchboard, tliu drop is normally ready tu responi 
to the impulses scut along the line when the mayneto generatoi 
is set in motion. Just as the removal of the receiver from thi 
switch liook makes the talking circuiE of the teleiphone appj 
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Grounded Lmo Switchboards. — So far as concerns the 
construction of the line, jack and plug, there are two kinds of 
switchboards: those for grounded circuits and those for metallic 
circuits. Fig. no shows the details of a grounded circuit 
switchboard drop and jack. Here the current from the generator 
of the subscriber's apparatus enters the switchboard apparatus 
at a ; thence through the leaf spring, /', of the jack belonging 
to that particular subscriber; through the contact screw, c, 
which is insulated from the metal of the jack, as shown; 
through the wire leading from it to the coil of the electro- 
magnet, (/. The result is that the magnet attracts the armature 
e, raising the attached lever, /, and thus freeing the hinged 
drop shutter, g, which falls, attracting the attention of the 
operator, and disclosing the number of the calling subscriber. 
The condition of the drop apparatus, before it is affected by 
the current, is shown in Figs. 116-117. Here we see that the 
armature, e, of the magnet, not being attracted, holds the 
position shown by the weight of the bar, /, which, by ihe hook 
at its end, retains the shutter, g, in its normal position. 

Circuits of a Grounded Line. — Immediately on noticing 
drop number the operator thus closes the shutter and 
inserts the plug in the jack. By this act, as may be understood, 
the metallic point of the plug forces the spring out of contact 
with the point, thus cutting out the drop from line, and 
making a new circuit through the conducting cord attached to 
the plug, as shown in the figure. The current, then, no longer 
goes to earth by the ground wire, but through the grounded 
connections of the two communicating tUephones, when their 
lines have been joined by the two plugs and cords standing in 
the row just beneath the drop of the calling subscriber. It is 
essential that the two plugs, used to make connection between 
any two subscribers, should belong to the same pair; since each 
pair is connected through the conducting cords witK o^i^^^V'^'i,. 
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■ THE rilLEPlIONE SWirCHBOARD. 

Switchboard Plugs. — -The plugs used in switchboi 
having a grounded circuit consist simply of pins of m 
properly shaped, and joined on to the conducting cord by s 
able screw connections. In a switchboard of a met 
the plugs are made with double connections, ir 
maintain the lines of the two wires, the line and the 
return, throughout. Their construction will be explained later. 

Gpoundad Switchboard I Operator's Circuits.— The cir- 
cuits of 3 grounded line switchboard are also indicated in 
diagram in Fig. no. Each of (he plugs, A and B, is connected 
by its flexible conducting cord with the apparatus of the ringing 
keys, C and D, respectively. As will be seen from this diagram, 
which uses the simplest forms of listening and ringing devices, 
each of these keys has two contacts, r and 2, so as to enable 
it to stand in line with either of two circuits. Upon perceiving 
that a drop bearing a number, say, lo, has fallen, the operator 
inserts plug A in the same numbered jack, and at the same time 
pushes down upon the listening key, Z, so as to throw in her 
receiver and transmitter, R and T, thus enabling her to converse 
direct with subscriber number lo, the circuit being established 
from the ground connection of his apparatus, through the out- 
going line wire, the spring jack of the switchboard, the plug. A, 
and its cord, to contact i of key C, and thence through key Z, 
to the section talking apparatus, which is provided with receiver, 
transmitter, battery and induction coil, in precisely the same 
manner as the subscriber's apparatus, and ending the circuit in 
the ground connection. 

Grounded Switchboard \ Line Circuits. — On ascertaining 
that 10 desires to converse with 84, for example, she inserts 
plug B in jack 84, at the same time pressing key D to its 
contact, 2, thus throwing into circuit tlie magneto-generator, G, 
which is operated either by hand or on a "bus wire" from a 
power driven dynamo in the exchange. A circuit is thus made 
from ground in the exchange, through the generator, G, contact 
3 of key JD, cord and plug B, jack S4, Utve -wwa S>a„ a.^'^'4.fa^\i.^ 
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I4, to ground; thence back again, causing tlie bell of S4 to ring. 
I This done, the operator restores key D to its normal posiCioa Id 
[ connection with its contact, i, thus throwing 10 and 84 into a 
I circuit which is bridged across by the ciearing-out drop. This 




i constructeil precisely like an ordinary 1 
gfnerally of a higher resistance — between 51 
This high resistance and self-induction 
these drops, permanently bridged aero 
shunt the telephonic current. They ar 



is used in order that 
s the circuit, may not 
; aiso enclosed in soft 




1 tubes, for the purpose of increasing the electro-magnetic 
efiect, and also to prevent induction from other drops and lines. 
After the two subscribers have been connected in the manner 
indicated, the operator may keep her listening key depressed in 
order to find out whether connection has been made, if 84 has 
answered the call. She then breaks circuit with her own 
telephone set, leaving all the keys in the raised position. So 
soon as the conversation is ended the subscribers hang their 
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1 their switch hooks, and turn the era 
^gnelo- generators, thus sending along the line 
sufficient strength to operate the clcaring-out drop, the talking 
current being loo weak for that purpose. As soon as the 





operator sees the shutter fall, she knows that the cc 
is ended, and removes the plugs from the jacks. 

Metalirc Circuit Switchboards: Plug and Jack.— The 

apparatus of a metallic circuit switchboard is arranged to 
accomplish the same results, although differing in numerous 
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details of constr 
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necessary to exam; 
Fig. Ill repre 
board jack. As w 
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tion. As. however, metallic circuits are 
present-day telephone practice, it will be 

; such apparatus in detail. 

nts the construction of a metallic switch- 
be seen at once, its principal point of dif- 
■ points of circuit connection — A, B, 



and C. This is a feature common to all its various forr 
regards the connections of A and B, it will be readily seen that 
they are the same as those in a grounded circuit jack. The 
third wire is connected to the binding screw at C, and seijarai.«:d. 
from the other two by the insulating b\ocV.s ol ViTi f^Wact, I> 
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ind E. When the telephone circuits are not in use, the leaf 
pring, F, connected to the terminal, A, is in contact with the 
loint, G, insulated from the tube of the drop by the hard rub- 
H, and in electrical connection with the lerr 




wire, B, so that a current coming from the generator of a sub- 
scriber's apparatus througli the wire. A, passes entirely around ' 
the jack into the coil of the drop, as in the form of switchboard I 
just described. The plug used in a metallic circuit board is ' 
similarly compound, having two metallic contacts, insulated ' 
from one another, instead of the one used in Ihe grounded cir- \ 
cu it board. Fig. 112 suows the construction of a plug of this i 
description. Here we have the ball-pointed tip, A, as in the J 
other type of plug, for the purpo^ ot en^agliv*^ \.\i.ft^^^ 
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out the circuit of the drop coil, A is 
r tube, E, which acts as a bushing to 
contact metal part, the sleeve, C, which, 
= rubber handle, F. The contact, A, is 
of the conducting cord by a screw at 
, C, is similarly attached to the second 



Circuits of a Metallic Switchboard. — When the double 
contact plug is inserted in the jack of a metallic circuit switch- 
board, it closes a circuit having one terminal at F, 
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Operator's Circuits.— The cir- 
:h board are shown in Figs. 118-119. 
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plug," to be inserted in the jack of the calling subscriber, 
and thf; outer the "calling plug," which is intended to be 
inserted in the jack of the subscriber who is called tor. A.s 
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Fig. 119.— Circuits of a Metallic Switchboard, showing the mechaiiisms for opcrat 
the talking and calling connections. This figure illustrates the wiring of a Sterl 
Metallic Switchboard, which will be explained later. 



may be seen, there are two wires from each plug, correspondi 
to the double contacts, tip and sleeve, of each plug. They m 
be traced through the flexible cords, which are held down 
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pulley weights, when not in use, and terminate in the 
springs projecting from the bottom of the combined ' ' listening 
and ringing key," as shown in Fig. 119. The construction of 
this and other switchboard keys will be explained later, but it is 
intended to accomplish the self-same results as are accomplished 
by the three keys, C, D and L, in Fig. 110 of the grounded 

Operation of the Switch Key.— By the use of the lever 
of this key, the circuits of the two plugs, or of either of them, 
may be changed, as in the other type of board, and, by the use 
(if the two press keys, on cither side of the lever, the ringing 
generator may be thrown into the circuits in precisely similar 
fashion. These results are iiLxompIished, as may be readily 
understood, by the fact that the circuits of the ringing genera- 
tor, of the operator's telephone set and of the clearing-out drop, 
also terminate in the key, as indicated. This mechanism enables 
the same program to be followed as in the grounded circuit 
board, after the answering plug has been inserted in the jack of 
the calling subscriber, to wit: i. The cutting-out of the drop: 
2. The throwing-in of the operator's talking set; 3, The inser- 
tion of the calling plug in the jack of the called subscriber: 
4. The making of the ringing circuit with the apparatus of the 
called subscriber; 5. The connection of the two lines with 
the clearing-out drop bridged on their circuit. 

The, difference to be constantly borne in mind, in comparing 
the metBilic with the grounded circuit switchboard, is that the 
latter must be so wired as to permit of all circuits made ending 
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CHAPTER ELEVEN. 

THE OPERATOR'S SWITCH KEYS AND TELEPHONE SET. 

Combined Listening and Ringing Keys. — Since, in order 
to meet the needs of every calling subscriber, as we have seen, 
the operator must perform no less than seven distinct acts in 
the way of shifting and changing circuits, it has been the con- 
stant effort of inventors and manufacturers to produce devices 
to simplify her work, by allowing the greatest number of results 
to be accomplished with the fewest movements of her hands 
and arms. The object is, not only to save the operator's 
strength, but also to economize time in the ** rush hours " at an 
exchange. Thus it is that a great variety of keys has been 
devised, on almost as many different principles; and attach- 
ments for making the operator's listening and ringing circuits 
have also been combined with the plugs and jacks. It has been 
found, however, that an experienced operator can do the neces- 
sary work with the ordinary devices, quite as readily and easily 
as with some others intended to save her work. 

The Cook Switch Key. — The key shown in Fig. 120 is of 

the form known as the Cook key, invented by Frank B. Cook, 
and manufactured by the Sterling Electric Co., of Chicago. 
The interior view of this kind of key is shown in Fig. 121, which 
also shows its details and operation. Its mechanism consists 
of five pairs of metallic spring contacts, -a hard rubber insu- 
lating partition running in the length of the case, serving to 
divide it into duplicate halves — that is to say, one of each 
pair of springs is set on either side of the partition. The 
arrangement may be understood from the exterior view of the 
key. 
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Its Construction. - 



, now, to consider the details 



Blown in Fig. 121, we find that the lever, A, ends in a cam, B, 

prning oti its pivot, and so shaped as to work on the two 

rings, C and D, as shown. This cam extends through the 

iaid rubber partition, so that the changes effected on one side 




are also effected on the other; thus, in studying its operations, 
we must bear in mind that there are two springs C, two D, two 
E, two F, and two 6', each pair, one spring being on each side 
of the partition, forming the terminals of some particular circuit. 
The pair of springs, J-'., terminate in the tip and sleeve of the 
answering plug; the pair F, in the tip and sleeve of the calling 
plug; the pair f, in the coil of the clearing-out drop; the pair 
G, in the magneto-generator. The operator's desk telephone 
set is connected with the springs, D D, opposite to CC. The 
pair E, and the pair F, being always in contact with the pair 
of double springs, H, which are connected together, as shown 
by the upper dotted line in the diagrams, and make a permanent 
circuit between ihe tips and sleeves of the two switchboard 
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plugs. The lever being pressed all tlie way to the left, the 
coil of the clearing-out drop is bridged into the plug t 
as is the case when two subscribers are conversing. T 
the completion of any conversatien the key mechanisn 
position for another call without alteration. 

Its Operation. — When a subscriber calls, the operator 
inserts the answering plug connected with the pair of springs, 




Fin, |9[.— Dlatrram of Inleriar conntmctlan and opFratlan of the Coak Key showtnH 
prtilioii wilhin Ihe key CB"c. The cimliuulty of Ihc pairof springs.////, is hiiliciilrf 
eflher »ide"Q't'l"ie^i>ttrlitio"ii! arTalway^in elettricaf ™ntact wiS'lhe "d™blc pair. !v«.' ™ 

E, into the jack, and by moving the lever into the position 
shown in the first diagram of Fig. ur, bridges in her speaking 
set, so as to make a circuit with the apparatus of the calling 
subscriber, through the jack, from the tip and back again to 
the sleeve of the plug. Having learned the number of the sub- 
scriber desired, she inserts the plug connected with springs, F^ 
in his jack, and presses key, A', thus forcing the pair, /", out of 
their normal contact with the double pair. If, and into contact 
with the pair, 6-', thus throwing in the ringing generator, which 
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sends a current along the line to his apparatus, through the con- 
ducting cord, plug, jack, line wire, his ringing apparatus, and 
back to the switchboard generator. This done, she releases the 
key, K, thus restoring the springs, F, to their normal contact 
with the springs, /f, and breaking the generator circuit; at the 
same time bringing the lever, A, to the opposite position, as 




shown in the second diagi 
between the apparatus of 
the clearing-out drop, 

As soon as she has 
tablished, she moves thi 
its normal position, thui 
subscribers to continue 
wishes to "listen in," 



of Fig. 121, thus making a circuit 
■ two subscribers, and bridging in 
ted to the pair, C. 

ed that connection has been es- 
ver to the position of diagram one, 
tting out her set, and leaving the two 
;ir conversation. If, at any lime, she 
arder to find whether they are dom 
talking, she can do so by bringing the lever to the opposite 
Mition, as shown in the first diagram of Fig. 121. 





she has occasion to call up the calling subscriber, as, for example, 
when there is a delay in making connection with the subscriber 
called, both plugs being in the jacks, she can do so by depressing 




the key, Z, thus throwing the pair of springs, E, out of contact 
with H, into contact with G, and sending a ringing current to 
his apparatus. The conversation finished, and the shutter of the 
clearing-out drop having fallen, she has only to close the latter, 
and remove the plugs, leaving the lever in the position in which 
it was found. By the use of this key, all the operations, except 
insertion and removal of the plugs, can be performed by 
the operator, with her hand resting on the lever of the key. 

The O'Connoll Switch Key. — Another form of switch- 
key, which has been in extensive use on metallic circuit switcb- 
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boards, is the OConnell key, shown in Fig. 132. Its advantage 
lies in the fact that all necessary shiftings of connection may be 
performed by depressing or raising a single push key, A, which 
operates the suitably shaped wedge of hard rubber mounted on 
the rod, C, which in turn, moves through slots in the top of 
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tchboard table, and in the piece, D. On either side of 
this wedge, and in such positions as to be engaged by it, are 
three pairs of springs, EE, FF and GG. The pair, FF, are 
connected with the tip and sleeve of the answering plug; the 
pair, EE, with the lip and sleeve of the calling plug; the pair, 
GG, attached to D, close the circuit of the operator's talking 
and listening set. The two pins, J J, placed outside of E and 
£, are the bus bars of the switchboard magneto-generator. The 
springs, EE, bear the rollers, llll, in order to facilitate the 
of the wedge on the springs. 

Its Operation. — The normal, or resting, position of the 
shown in the firsl figure. V^we. -^i^ ^"cA- '^'a- 
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Springs, FF^ in contact with the springs, EE, thus leaving a'.l 
connections ready between ihe terminals in the two plugs, 
through the coil of the ciearing-out drop. The two springs, 
GG, rest against the smallest portion of the wedge, as shown, 
thus leaving open llie circuit of the tipcraior's telephone ! 



\A 
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As soon as a call has been received, and the answering plug has 
been inserted in the jack of the calling subscriber, the operator 
presses the key so that the wedge is forced down sufficiently to 
permit the next larger contact to engage the two springs, GG, 
thus throwing in her telephone set, (or the purpose of learning 
number desired by the calling subscriber. This done, she 
inserts the answering plug in the jack of the called cmmber^ 
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and, in order to call up, again presses the key until the springs, 
GG, ride upon the third contact surface of the wedge, and the 
rollers, HH, on the springs, ££, move upon its widest portion. 
The latter action forces the springs, Eli, into contact with the 
bus bars, JJ, of the generator, breaking the normal contact 
between E£ and FF. Consequently the ringing current is sent 
thrnugh the calling plug to the apparatus of ihe called sub- 
scriber, the circuit of the calling subscriber being meantime cut 
out. If, at any time, there is a delay on the part of the called 
subscriber, and it is desirable to call the calling subscriber, 
when connection is made, both at once may be called by press- 
ing the key downward until the rollers of EE ride on ihe 
extreme edges of the wedge, B, This act forces the springs, 
FE, still further back, and brings them into contact with the 
pins, A'A', which are in insulated connection with the two other 
pins, ZZ, against which the springs, FF, rest, after the pressure 
of EEha.'i been withdrawn by the downward movement of the 
wedge, Ji. Thus the generator current flows from /, through 
£, to A", thence to Z and F, through the cords, plugs, jacks, 
lines and ringing bells of both subscribers, and back again, on 
the other side, to the generator. 

As soon as connection has been established, the operator 
depresses the key to the position shown in the second diagram, 
thus establishing a talking circuit between the two subscribers, 
while still keeping in her own telephone set, as shown, so as to 
listen in. Having ascertained that all is right, she moves the 
key again to the position it held before the call came, thus 
leaving the line free for conversation without the bridging-in of 
her own set. This is the final position of the key. 

Tho Couch and Soeley Key.— Fig. 1^5 illustrates the self- 
restoring, combined listening and ringing key recently intro- 
duced by the Couch & Seeley Co., of Boston. Unlike the keys 
just described, the operating lever, A, is automatically restored 
by the force of the spiral spring shown in the cut. Like the 
Cook key, however, it has five pairs ot cotvVact ^^Vxt^^, ■wNixcto. 
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tm the terminal connections. Tims C and C connect to the 

eratur's teleplione set ; B and B, directly bacl; of them, to the 

lit drop ; E and K. to the genemtor ; D and D to the 

lowering plug ; /?' and /J', to the calling plug. The operation 

i follows: On receiving a drop-call, the operator inserts 

answering plug in the corresponding jack, at the same 

throwing the lever to position i, thereby switching in 

ir telephene set. Having learned the number of the subscriber 

Bled for, she inserts the calling pUig in his jack, at the same 

s depressing the key to position 2, thereby throwing the 

Meralor into line and cutting out her talking set. The lever 

jBtores itself automatically from position z to position i, and 

fcly a slight additional touch is required to restore it to the 

formal position, A. 

Other Switch Kays. — The ringing and listening key of 

the Keystone Electric Telephone Co. operates on the same prin- 
ciple of positive contacts, but, as shown by Fig. 133, it has two 
levers instead of one. These are, however, so constructed 
as to restore automatically or maintain the circuit, as desired. 
Still another highly efficient type of key, that of the 
Western Telephone Construction Co., is shown in Fig. 134. 
With it the listening connections are made by a lever, and the 
ringing connections by tlie push button. In this form of key 
the cam operates on the principle of sliding contacts. 

Switchboard Operator's Telephone Set. — The talking 
set of a switchboard operator consists of a receiver of the watch- 
case pattern, previously described, which is secured to her left 
ear by the head band attachment, as is shown in Fig. 127, and 
of a transmitter suspended in a convenient position before her 
from the top of the switchboard cabinet. The attachment of 
this apparatus is shown in Fig. 136. Another form for attaching 
■ transmitter, which is much used in Europe, is shown in 
lere the transmitter battery circuit is made, and 
Kady for talking when in the position shown; il is broken by 
be operator turning tlic transmitter on its hinge until the 
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inoiulipiece is against her breast. This form has the advan- 
tage of keeping ihe transmitter always in a convenient posi- 
tion for immediate use, saving the operator some inconvenient 
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movements <jf the hand to hold the transmitter steady, as is 

frequently necessary when it is suspended on a cord before her. 

The Microtalaphonc— Some switchboard exchanges hav- 

m£^ only about " ubscribers. viVi\c\\ \^ a wvito'chk not 



LISTENING AND RINGING KE YS. 



H7 



likely to keep an operator constantly busy, are provided with an 
ordinary '' microtelephone " set, such as is shown in connection 
with the switch board in Fig. 109. Thisform of instrument, which 
has been in extensive use in Europe for a number of years, and 
is now gaining favor in this country, is shown in Fig. 129, The 
circuit connections are displayed in Fig. 130. The battery circuit 
of the transmitter is closed by pressing the key on the handle, 




FlQ. 131.— Direct currenl electro-magnetic call bell nf 111* type used on Bwilchboard 
night alarm cin^iU, The figure sliaws llie <lifTcTeiii.'F l>elweEn lliis aiid the polarltcd 
linger of the telephone apparalua. as already deacriliert. The circuit is closed by mailing 
cDntBd oFthe two terminals, after the manner of Ihe push button here nhotcn in section. 



labeled, " Press this while speaking." Thus, as may be readily 
seen, the spring, B, is forced into Contact with ihe anvil of the 
transmitter wire below it, and the talking contacts are complete. 
This particular form of microtelephone is manufactured by 
the Ericsson Telephone Co., which claims priority in the design, 
and was the concern that introduced it in Europe. Microtele- 
phones are frequently arranged for "desk sets" in business 
offices, in which case the annunciator call bells are hung upon 
; wall above, the attachments being made a^i'cwii.caX.t'iva.'Ow^ 
/ the circuits. 
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The Switchboard Night Bell. — In small exchanges at 
ist times, and in large exchanges at night, during dull hours 
j on Sundays, it frequently happens that the operator is 
\ absent from her seat before the switchboard, and, hence, unable 
note the fall of a subscriber's drop. To remedy this difficulty 
;all bell circuit is attached to each switchboard section, the 
gong being usually placed at the top of the panels, as indicateO 
in Fig. 109. The wires are so arranged that the ringing circuit may 
be made by the shutter of each drop falling open against two 
pins arranged directly beneath, as shown in Fig. 119, thusclosiog 
the circuit through the metal shutter. During the day, or in 




, the circuit connections of the night alarm bell are 
a switch of the type shown in Fig. 13?. This renders 
jperative even when the drop shutter rests against the 



busy hour; 
broken by 
the bell in. 
contact pii 



Switchboards for Small Exchanges. — In a very small 
exchange, of 100 or 200 subscribers, the services of one operator 
are usually sufficient. Thus ordinary switchboards, such as are 
shown in the figures, are made with about 100 drops. In 
stations of 5,000 subscribers, or more, where there is a corre- 
sponding volume of business per subscriber, a number of such 

"positions," as they are called, of tog each, vc I 



LISTENING AND RINGING KEYS. 149 

arranged in a long row, each operator attending lii the require- 
ments of roo subscribers. 

Large Exchanges I Transferring Calls. — If, in such an 
extensive exchange, one subscriber desires to communicate with 
another wired to a different position, under the management of a 
different operator, there are two ways in which the result may 
be accomplished; either by the use of the device known as the 
" multiple switchboard," wliich will be presently described, or 
by some system of inter-communicating transfer. By one 
system of transfer each position is provided, not only with 
subscribers' drops and jacks, but also with drops and jacks 
corresponding to the other positions of the exchange. When a 
subscriber, say, in position r, desires to communicate with one 
who has his drop in position 5, ihe operator at position i calls 
the operator at 5, and makes the talking circuit between the 
two subscribers by means of a combination of devices which 
will be fully explained in the proper place. 

Trunking Connection. — For the purpose of " trunking 
out," or connecting with another exchange, a special section is 
provided in all switchboards, which is in communication with 
every other section in the same exchange. The system of inter- 
communication just mentioned is, in general, fairly descriptive 
of the method of connecting the subscriber in one exchange 
with the subscriber in any other. In the telephone systems of 
large cities, each exchange has a number of connections with 
every other, in order to accommodate the vast trunking 
business. 



CHAPTER TWELVE. 
IMPROVED SWITCHBOARD ATTACHMENTS. 



Labor-Savlng Devices. 

to simplify the operation 
board operator in makii 



-As the result of constant efforts 
rily performed by the swttch- 
rcuils desired by subscribers. 
and attending to other business connected with the switching 
apparatus, a number of improved devices have been introduced 
by the various manufacturers of telephones and supplies. 
Among such may be mentioned subscribers' drops so arranged 
as to act as clearing-out drops as well, self-restoring call-drops, 
and combined drops and jacks. The advantage in every case is 
that the operator is saved a considerable expenditure of energy 
and lime in having fewer points to observe in the course of her 
work. Thus, in the combined jack and drop, she has to insert 
the plug in an orifice indicated by the falling of the drop shutter, 
instead of searching for the jack bearing the same number. 
This is a desirable saving of time and nerve force. The same 
is true in the use of combined calling and clearing-out drops. 
Here she is saved the necessity of paying attention to more than 
one series of drops at a time, knowing in an instant whether the 
falling of a shutter means a call or a clearing ou 
ticular case, and avoiding much of the delay due to pi 
work in the rush hours. 

Combined Calling and Ciesrlng-out Drops. — In general, 
when the calling and clearing-out drops are combined in one 
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instrument, the only changus of consti 
drop coils to a higher resistance, to prt 
of the speaking current; enclosing thi 
sules, to neutralize the influence of c 
arranging the lines between the drop ai 
on a different plan. As we have 
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in winding the 
t the short circuiting 
in iron tubes, or cap- 

ts corresponding Jack 
y learned, the resist- 
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ance of ihe coil of the ordinary tlearing-out drop is 500 ohms, 
or over, while that of the ordinary calling drop is about 80 
ohms. In order, therefore, that the requisite resistance may be 
inserted in the line, an arrangement has been adopted whereby 
the drop of the called subscriber is cut out of line, while 
that of the calling subscriber is left bridged in to act as a 
clearing-out indicator. The means adopted in tiie boards of the 
Sterling Electric Co. for accomplishing this result is to mak.e the 
calling plug longer than the answering plug, in order that it 
may actuate the mechanism of the jack to a greater extent, and 
thus cut out its drop, after making ihe tip and sleeve connec- 
tions also formed by the answering plug. 

The Sterling Switchboard System. — The system of 
wiring adopted in the circuits of this company's switchboard is 
shown in Fig, 119. As may be seen, the jack is constructed 
with three electrical connections; the linfe wire, ending in the 
upper leaf spring, the return wire, ending in the base of the 
jack; and the return wire of the drop coil, ending in the second 
leaf spring. Insulating blocks separate the two springs from 
one another, and from the base of the jack. To insert the short 
answering plug in the jack would mean merely to make tip con- 
tact with the upper spring, leaving the return connection for the 
drop circuit, and thus bridging the drop across the talking circuit 
formed by the lip and sleeve uf the pliig. To insert the long 
calling plug in the jack would mean to raise the lower spring 
into contact with the upper, thus short circuiting the drop coil 
belonging to that subscriber, and leaving Jine connections only 
■ through the jack. 

P The Sterling Drop.— The switchboard appliances of the 

Sterling Electric Co. are interesting as combining a number of 
ingenious and effective contrivances, which deserve description. 
The tubular bridging drop is shown in Fig. 133. As maybe 
understood, its construction is different from that usually 
employed, in that the armature is swung midivay or. the enclos- 
ing sheath, which is constructed in three pieces, as shown in 
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134. The forward cap being secured to tlie magnet core, 

I derives polarity so soon as a current is sent through the coil, 

and attracts the pivoted armature with the usual result of 

releasing the shutter. The restoring mechanism consists of a 

I lever fixed beneath each back of ten drops, and just above the 

I jack panel. As may be understood by reference to Figs. 133 

' and 135. each drop has, secured back of the falling shutter, a 

" restoring slide," with flange at top and bottom. Reference 

to Fig. 107, which shows a typical Sterling switchboard, will 

reveal the fact that the restoring slide of the topmost drop resls 

on the slide of the one beneath , so on down, and that the slide of 




tm 



■ing slide iu ft 



the lowest rests on the restoring lever, any movement of which 
11 actuate the slides^of the whole series, thus raising the 

shutters. By the attraction of the armature the drop lever 
ses the slide sufficiently to release the shutter, which is held 
its normal position by the upper flange. These drops are 
junted in rows of five, as shown in Fig, 135. 

Sterling Jacks and Plugs„ — Fig. 113 shows the Sterling 

jack, which is made of solid brass casting, with German silver 
springs and hard rubber insulation. Fig. 114 shows the short 
answering plug used. Reference to the cut of the board will 
show the excellent arrangement of the rows of plugs, which 
are "staggered," or so disposed that each plug in the rear row 
is opposite the space between some two of those in the front 
row, thus enabling the operator to select the short answering 
plug without inconvenient contact with the long calling plugs 
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The Self- Restoring Drop. — The self- restoring switch- 
board drop consists of two electro-magnets, set end to end, so 
that there is a magnetic action at both front and back of the 
instrument. The first magnet is actuated by the generator cur- 
rent from the calling subscriber, and is in all respects like the 
ordinary drop magnet, previously de5 
armature, attached to a rod ejttendin 
instrument, where a hook engages a dr< 
of the hinged armature by the magnet c 
shutter 



ribed, having a pivoted 

the front of the 

tter. Attraction 

the attached bar 

the hook, ant 




[1 which is the drop shutter 
tht self- restoring variety, the armatut 
ari( itself controls the operation of s 
thetop. The current for the second : 
a loral galvanic battery in a 



n the ordinary coil is, in 
of the forward magnet, 
lother shutter hinged at 
lagnet coil is supplied by 
r to be presently explained. 



I ts Construction and Operation. — I''>g. i36illu: 

feneclunisra and operation of the self-restoring drop. Here O is 
Hjie 0)erating magnet, such as is arranged in the ordinary type 
pif dnp. R is the restoring magnet, and B the common base- 
plate b which both are secured within an iron sheath. A is the 
armati]-e of the operating magnet, and ;s pivoted at C, where 
it is alo attached to the bar, D, bearing the hook, H, at its 
|Cipposit< end. This hook rests in a groove at the top of the 
liutter,.4d, which is pivoted on its lower end at P. On tb^ia. 
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et is pivoted the indicator flap, I 

mally liangs directly \ 

r current enters the coil of the | 

tlie armature, A, to be at 

. raised, thus releas 

ook, H, and allowing it \a I 

the fl;ip, F. is | 



upper side of this same ma 

F, in such fashion that it r 

Aa. Now, when the generator cu 

operating magnet, O, it causes tlie \ 

with the result that the bar, D, i 

shutter, Aa. from the hold of the he 

fall outward on its hinge. By this 

also forced out, and takes the position shown in Fig. 137, being I 

held there by the weight of Aa. As soon as the plug is inserted [ 

in the jack corresponding to this drop coil, a current i 

through the coil of the magnet, B, whose core projects i 

recess in the center of the armature shutter, Aa. By the action I 




of this current the shutter, Aa, is attracted to the pule of the 
magnet, R, taking the position shown in liie first uf the 
figures; the hook, H, again engaging the notch at the top of 
Aa, and the flap, F, again falling to the first position by iti own 
weight. So long as the current is continued through the coil 
of R hy the presence of the plug in the jack, the shutter, Aa, 
is held fast, and any current coming to the coil of O. while h 
may attract the armature. A, and actuate the bar, ^.cannot 
operate the drop. 

Such an attachment as this must greatly increase tie com- 
plexity and original expense of a switchboard, but si> needful 
is it that the duties of the operator be simplified as much as 
possible, that these matters are of very small impirtance in 
comparison. 
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Circuits of a Self-Restoring Drop. — In the circuit 
arrangements used in connection with a self-restoring drop, the 
operating coil, O, is permanently bridged across the talking 
circuit, its high resistance and retardation serving to shunt the 
telephonic current onto the line, while, at the same time, it is 
always open to ringing currents from the hand generators in 
the subscriber's apparatus. The need for cutting out the coil 
of the drop is obviated by the fact that it is rendered inopera- 
tive, as we have seen, so long as the plug is in the jack, sending 
a current through the coil, R. Consequently the jacks are made 
with but the usual two contacts for the tip and sleeve of the 
plug, respectively. The form of plug used is the same as that 
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previously shown, for the ordinary metallic circuit switchboard, 
with the exception that it carries a metal ring, or collar, outside 
of and insulated from the sleeve contact previously described. 

This second sleeve, or insulated ring, is intended to close 
the battery circuit by connecting the two terminals of the 
restoring battery circuit, which are two thimbles at the entrance 
of the jack, so that, by inserting the plug in the jack, we not 
only make the talking circuit through the jack springs, but also 
allow the current from the restoring battery to flow through the 
wires to the inner thimble, across this outer sleeve to the outer 
thimble, Ihence to the coil of R, energizing the magnet and 
holding the shutter armature fast, as already described. The 
coil of R, being of low resistanee, would greatly injure the 
battery, if connected direct to the wire coming from Z>, and to 
■obviate ibis difficulty the needed resistance is introduced into the 



circuit by connecting the wire at the hinge of the drop shutter, 
F, and allowing the current to flow through the shutter, the 
armature, Aa, and thence through the hinge into the coil of the 
magnet. The circuit is completed through the earth and back 
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Combined Drops and Jacks. ^Another piece of improved 
switchboard apparatus, having the same object — -saving ihi; 
operator's time and simplifying her movements — is the combined 
drop and jack; which is lo say, the two instruments made so es 
to occupy the 




in a givei 
have beer 



nt has the added advantage of saving room, and 
larger number of subscribers' drops to be mounted 
space. Several types of combined drop and jack 
placed on the market, each having its particular 

xcellence and advantage. 



Western Drop-Jack. — Fig, 138 represents thecombineddrop 

and jack manufactured by the Western Telephone Construction 
Co., of Chicago. Here the magnet, E, and the jack-piece, /, 
the latter a solid brass casting, are secured to the base piece. A, 
of hard rubber. The armature of ihe magnet is attached to the 
bar, F, pivoted at P to the head piece, //, being, however, 
normally held away from the pole of the magnel by a small leaf \ 
spring, S, bearing against its length, which effectually prevents 
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' freezing" or "sticking" to the pole. When the instrument is 
lol energized by a calling current, the bar, F, holds up the 
iliutter, C, which in this cut is shown to have been thrown down 
)van incoming current, fis hinged to a bar runni 
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to the opening between /)' and B, and wo 

the curved dotted line, as shown. When 

the coil, the armature is attracted to tlie 

thus causing the bar, /■■, to move 

ihe shutter, C, and allowing it to fall into the i>osition shown 



; up or down on 

current energizes 

■ pole of the magnet. 
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in the cut. The fall of C gives signal lo ihe operator, who tnen 

starts to insert the answering plug, with its tip pushing C 
upward on its pivot into the former position supported by/". 
The entrance to the jack is then made through the orifice. A', 
the sleeve connection being with _/, and the tip connection with 
the spring shown below. By the former connection, the spring, 
J, is lifted away from the anvil, /, thus cutting out the coil of 
the drop, as in the ordinary type of switchboard having drop 
and jack separate. Although not properly a self-restoring drop 
in the sense in which the term is generally understood, this 
instrument accomplishes the same result by the simple act of 
inserting the plug into the jack. It is, therefore, called a 
"mechanical self-restoring drop. " The bus bars of the night 
bell circuit run through the two side pieces, B and B, one of 
them serving to hinge the shutter, C, and the other, running 
parallel, so as to be engaged by a lug, Z>, carried on the lop 
of C, thus closing the circuit, when the wire connections are 
made with the switch previously mentioned. 

P^'g- 139 shows a 3cio-drop switchboard containing this type 
of drops and jacks. As will be seen, the drop shutters are 
represented in the raised position, thus disclosing the opening 
to the jack apparatus shown at K in the previous figure. 

Connecticut Drop-Jack. — Another type of combined drop 
and jack, manufactured by the Connecticut Telephone and 
Electric Co., of Meriden, Conn., is shown in Figs.140 and 141, 
the former showing the complete instrument with plug inserted 
in the jack springs, and the latter, the several parts. As may be 
seen, the drop mechanism works in the usual way, attracting an 
armature, and thus actuating a lever bar with hooked end and 
releasing the shutter, F, which is normally held up by Ihe hook 
and falls outward and downward on its hinge, when the hold 
is released. The line wires are attached to the two terminal 

I pieces, /and // the hithcrwirc being secured lo the head piece 
of the coil by a screw, as shown, the further wire passin] 
same manner, but being insulated from the in*i\a.V x>a.tV^ t 
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bushing of non-conducting material. The armature is hinged, 
as shown, by the screw pin, Jil ; the bar carrying the hook 
engage the shutter bears a rubber insulation, A, which serv 
to cut off the current of the night bell circuit from the jack and 
drop parts. The entire instrument is held in positiou on the 
hard rubber panel of the switchboard, G, by the single nut, E, 
which engages the thread on'the forward end of the jack tube. 
The magnet coil of this drop is a separately wound helix, and 
may be slipped off of the core and removed whenever necessary, 




without disturbing the rest of Ihe mechanism, the fiber disc 
shown at D sufficing to hold it in position in the tube. In 
action the drop coil is bipolar, tlic core acting as one pole and 
the iron shell, or sheath, as the other. The shutter is mechan- J 
ically self-restoring, being restored to its normal position, in I 
engagement with tlie hook at the end of the armature lever, by I 
the simple act of raising it in order to insert the plug through 1 
the orifice into the jack springs behind. This brings it to the \ 
position shown in the first figure, which has the plug inserted | 
and the shutter up and engaged. The tube of the jack has two ' 
contact springs, at top and bottom, as shown, to make positive 
tip and sleeve connections with the plug. 
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Operation of the Ringing Circuit. — The operation of this 
drop-jack shows it to be one of the most completeand ingenious 
switchboard contrivances on the marltet. The insertion of a 
plug between the jack springs bridges the drop coii and makes 



.(t:^s. 




the talking circuit, as in any other type of jack and drop. In 
order to ring up a desired subscriber, the operator has only to 
push the plug further into the jack, thus making contact with 
the cross piece attached to the springs, //and //, causing it to 
sUd« backward in its slot, and bring these springs into contact 
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with the tips of the line wires immediately behind. The vertioal 
strips, / and A", are in contact with the bus bars of the gene- 
rator, and each of them has a tongue cut out of its length, 
aj^ainst which bear the points of the bars carrying the springs, 
y/and y/, as shown in Fig. 140. By this contrivance the line 
wires of any particular subscriber may be bridged across the 
generator circuit, whenever desired. The plug^ used in connec- 
tion with this instrument have a collar of insulating material 
midway on the shank, and upon this the line springs of the jack 
are caused to ride whenever the ringing connections are made, 
as described. After giving the necessary ring^ the operator 
releases the pressure on the plug, thus allowing it to ride back 
into metallic contact with the springs of the jack, as it is forced 
outward by a spiral spring enclosed in the tube back of the cross 
piece attached to // and J/. 

Its Night Bell Connections. — The night bell connections 

are made by the springs, J/, which engage an ear attached to 
the lower part of tlie siuitter, y^, thus closing the circuit. In 
addition to tliis, the stoj) hook below the shutter is connected 
to one side of the ( ircuii, and the eyes that hold the trunnion 
screw are atta( lied to the other, thus making double contacts 
for llut iuv;\\i bell. This is an arrangement worthy of consider- 
ation, as j^iving a(ldilit)nal assurance that the circuit will be 

made. 

• 

Connecticut Switchboards. — Fig. 142 shows a four hun- 

red-drop switchboard containing drop-jacks of the kind just 
described. All shutters are in the raised position, showing 
orifice in each for the insertiorl of the plug. The plug^ are 
arranged in double bank, as with most up-to-date switch- 
boards, thus insuring greater ease in reaching and manipulating 
them. The switch keys are arranged at the front of the 
table. Fig. 143 shows the rear of a board of this company, ex- 
hibiting the method of arranging the drop-jacks. The induction 
coil of the operator's transmitter is shown secured to the top of 
the case, and below it the gong of the night bell. 
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Couch and Seeley Drop-Jack. — The rcizently introduced 
drop-jack of tlie Couch & Seeley Co., of Boston, Mass., is shown 
in Fig. 144. It combines the advantages of simple construction 
and considerable strength. As wiU be readily understood, A is 
an iron tube, to the forward end of which is screwed the core of 
the magnet coil. As in the instrument just described, the open 
end of tlic rnre forms one pole and the lube the other, thus 




making the magnet in reality bi-polar. The ends of the wind- 
ings of the magnet are brought through rubber bushings in the 
tube and soldered to the tags of drop springs D and D, which 
are in connection with line springs J, J, when the drop is in 
normal condition. The line terminals are shown at C, C. When 
a plug is inserted at B, into the jack frame. A', the line springs, 
J, J, are separated from the drop springs, D, D, thus cutting 
the drop entirely out of circuit. The shutter, E, has two spurs, 
one on each side, formed at right angles with its face, which, 
when it falls, come in contact with night alarm springs fasCeDed 
to the side pieces, F, F. These side pieces are of brass, and 
carry the night alarm circuit to upright brass bars so notched 
out as to receive the drops when mounted up in regular form in 
a complete switchboard. The wiring of the complete board 
using this drop is, therefore, practically done when the drops 
are set in place. The armature, /, is provided with the counter- 
weight, G, by which a very close and sensitive adjustment can 
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* the shutter on a bridging line with a 
It being furnished by an ordinary 3-bar 



Phoenix Drop-Jack.— Fig. 145 shows the drop-jack manu- 
factured hy the Phcenix Eieciric Telephone Co., of New York 
City. Its construction and operation may be understood from 
the cut. As in the drop-jacks previously described, the shutter is 
restored to the normal position by the act of inserting the plug 
in the j.Tfk. The plug passes through a hole in the shutter, 




and, when pushed through, presses against the shutter, thus 
restoring it. The drop itself is mounted on a hard rubber disc, 
which, in turn, is mounted on a wooden panel, so that by 
Dving the two screws the drop can be taken out of the board 
rithout disturbing the wiring. The two back contacts of the 
'rop pass into large double binding posts, which are mounted 
on thick hard rubber strips attached to back of board. This 
arrangement is such that the line wires leading to these 
liindinp posts need never be disturbed, should it be necessary 
to remove the drop for any purpose. The drop is held in front 
by the two screws through the hard rubber disc; the back 
contacts are firmly screwed in these lioubVc t\^i\^% yi-iVs.- 



CHAPTER THIRTEEN. 

SWITCHBOARD LAMP SIGNALS AND CIRCUITS. 

Lamp Signals for Switchboards.— In many exchanges 
line drops of all descriptions have been supplanted by small 
incandescent electric lamps as calling signals. These lamps are 
superior to drops in that they need not be *^ restored," the light 
being extinguished so soon as the proper connections are com- 
pleted, and also from the fact that they occupy far less room on 
the panel, a consideration of especial importance in the con- 
struction and operation of multiple switchboards of large 
capacity. On the other hand, they present the disadvantage 
of giving the operator considerable physical annoyance, which, 
in many cases, is hardly compensated by the time and labor 
otherwise saved. Figs. 146 and 147 show, respectively, the usual 
size of sucli signal lamp, and the method of enclosing it in a 
suitably shaped cup or cell. Fig. 148 shows a row of lamps 
mounted on a strip for attachment to a switchboard. 

IVIethods of IVIounting Lamp Circuits. — There are several 
structural disadvantages involved in the use of lamp signals, 
and any exchange in which they are installed must be constantly 
inspected in order to prevent any line from being rendered 
inoperative by the burning out or damaging of its lamps. As a 
usual thing, it has been asserted, switchboard signal lamps may 
be flashed at least 1,000,000 times without serious damage. 
But, on the other hand, and particularly when the lamp is 
included in the line circuit, any outside electrical disturbance, 
such as will increase the strength of the current unduly, will 
cause the lamp to burn out much sooner. Usually, therefore, 
the circuits of signal lamps are made separate from the main 
line, and depend for operation on a series of circuit-closing 
relays, as will be presently evr^i"" 
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L^mp Signals on the Main Llne.^The most typical 
method of attaching the signals to the main line, between the 
wires of the subscriber's metallic circuit, is, briefly, to bridge , 
the jack between the line wires and attach the lamps in series to' 
Eacii terminal of the line then passes 
;oil, or long-wound magnetic induction 
onnected to either pole of a batterj'. This 
;ubscriber's apparatus is in normal condiiiun 
illuminating the lamp signal by the high 
call bells, which are usually wound lo a 
ohms. So soon, however, as the subscriber 
:r from the hook, thus makin 
nt finds a ready path i 
icondary of the induction coil, 
;, and immediately flashes the 
1 arrangement as this the magneti 
;r's apparatus is omitted, and the 
extent of d 
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through an impedai 
resistance, and is 
battery, while the 
is prevented from 
resistance of the 
resistance of 1,000 ohm 
removes his receiver fr( 
circuit, the battery cun 
the receiver and the ; 
of far smaller resistam 
Of course Ji 
rator of the 

energy exchange system adopted to the 
signal power from "central." The subscriber's sole act in 
signaling is to remove his receiver from its hook. The fact, 
however, that the central signal battery is always on closed 
circuit through the impedance coils at both terminals of every 
line, a further advantage may be derived from including both 
the station bells and a single-cell storage battery, of the general 
type already explained, in a permanent bridge between the two 
limbs of the circuit. Thus the local storage battery is con- 
stantly being charged to its full capacity while the telephone 
circuit is open; but, if at any time it become exhausted, and 
the line be brought into use before charging is complete, the 



litter may derive sufficient current from the 

battery, through the bridge to one terminal of the int 

fcoti priniary on the one side, and through the batte 

■switch hook contact on the other, to operate with good effect 

PThe connection of two subscribers' lines through a plug pai 

:rates to extinguish the signal lamp by introducing a sufficien 

iistance to render the battery incapable of maintaining 
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light. At the same time the impedance coils act to balance 
tjie lines connected at the bridged jacks. 

Lamp Signals Operated by Relays.— The second method 
of arranging circuits operating switchboard lamp signals is by 
a system of relays and subsidiary battery circuits. The most 
typical system, the invention of C. E. Scribner, of Chicago, is 
briefly as follows: The two limbs of the line, attached respect- 
ively to the two springs of the switchboard jack, terminate, the 
one in a ground connection, the other in a wire common to all 
lines and containing a grounded battery. As in the type of 
circuit already described, each subscriber's apparatus has the 
bell magnets on a permanent bridge, which also contains a 
condenser, generally of about . 75 microfarad. The introduction 
of the condenser practically breaks the line circuit, so far as the 
direct current central battery is concerned, although presenting 
no obstacle to the alternating current from the calling magnets. 
Tt would thus permit the passage of the telephonic current, also 
alternating, were it not that the coils of the bell magnets were 
ivound to a high resistance and impedance for the express 
purpose of preventing this short-circuiting of the talking current. 
As soon, however, as the receiver is removed from its hook 
and the telephone circuit is made, the current from this central 
battery finds a path of low resistance through the receiver coils 
and the induction secondary, and is able to energize a relay 
connected in series with the line limb which is joined to its 
positive pole. This relay attracts its armature, a pivoted bar 
having a grounded connection, and brings it into contact with 
an anvil attached to one terminal of the lamp circuit. The 
other terminal of this lamp circuit is attached to a wire, com- 
mon to all the lamps on the board, and carrying a battery with 
a grounded connection. Therefore, so soon as the relay 
attached to the line circuit attracts its armature, it makes the 
circuit through the lamp from the battery just mentioned and to 
ground through the pivoted armature, thus causing the proper 
lamp lo be illuminated as a calling signal to the switchboard 
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operator. The lamp then continues lighted until the answering 
plug is inserted in the jack of the calling subscriber. 

Jack and Plug Circuits. — The act of inserting the plug in 
the jack causes the lamp to cease burning, as follows: Each 
jack has three contacts, a spring for tip, a spring for sleeve, 
and a thimble connected to a third relay, which is grounded. 
Each plug has the usual tip and sleeve strands, and, in addition, a 
thimble contact, insulated from both tip and sleeve, and connected 
through a battery to ground. The insertion of a plug in a jack, 
then, makes the usual line contacts, and also makes the circuit 
of the third relay, just mentioned. The armature of this relay 
consists of two hinged metallic contacts, which normally bear 
on two anvils, one at the terminal of each limb of the sub- 
scriber's line. Consequently, as soon as the relay is energized 
the line connections to ground and through the first-mentioned 
battery are cut off, and the jack springs are left as the sole 
terminals of the line. Moreover, as the relay continues to hold 
its armature so long as the plug is in the jack, it is impossible 
that the lamp be relighted before the conversation is completed. 
Associated with the line signal lamp is a system of pilot lamps^ 
actuated by yet other relays, to assure the operator's attention; 
but this feature need not be noticed here. 

Both these arrangements of lamp signals belong properly 
under the head of the exchange battery, or central energy 
systems, with which they are best adapted to operate. 
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THE MULTIPLE SWITCHBOARD. 

The Requirements af Large Exchanges.— The various 
forms of one or two section switchboards described and illus- 
trated in the previous chapters are intended to operate on sys- 
tems having only a few subscribers — say 200 or 300 — and capable 
of being managed bj* one or two operators. Wlien there are 
only a few hundred subscribers wired to an exchange it is a 
comparatively simple matter to make the required connections, 
by reaching over with the curd of the calling plug and inserting 
the plug in the required jack, even when it is in the section of 
another operator. As maybe readily surmised, however, such 
a procedure, white perfectly satisfactory in exchanges where 
there is very little business, are utterly impracticable when the 
rumber of subscribers has reached into the thousands, and each 
operator works to her full strength during certain hours. Here 
it is necessary to have some means whereby an operator can, 
■with the ease and speed of handling her own 100 or lao drops 
and jacks, make any desired connection, even into the thou- 
sands. Otherwise, in order to meet the requirements of rush 
hours, the number of operators would have to be far greater 
than one to each hundred subscribers. 

The Arrangement of Multiple Jacks. — The device 
adopted to meet these requirements and, in a great measure, 
overcome the necessary difficulties of handling a large number 
of subscribers, is called the multiple switchboard. This name is 
strictly descriptive, and indicates the peculiarity of the system 
adopted, whereby each subscriber's line terminates, not in one 
jack merely, but in a number of jacks equal to the number of 
'switchboard sections in the exchange. Thus each operator has 
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on the panel before her, not only the jacks corresponding to her 
own subscribers' drops, but jacks connecting with the lines of 
every other subscriber in the exchange. Where there are as 
many as 5,000 or 6,000 subscribers, as in the largest exchanges, 
it is obviously impossible that 50 many jacks should be arranged 
in any one panel; consequently the number is arranged to 
occupy, say three panels, so that every number of the 5,000 or 
6,000 is repeated at every third panel. Thus each operator, 
either by inserting the plug in the jack of required number on 
her own panel, or by reaching with l!ie cord of her calling plug 
to the panel on her left or to the one on her right, can make 
any desired connection out of the many thousands registered in 
that exchange. This arrangement is shown in Fig. 149. 

Varieties of Multiple Switchboard. — The method of 
arranging the wiring of a multiple switchboard so as to accom- 
plish this multiplicaiion of the jack connections of each sub- 
scriber is, briefly, to run each line the whole length of the 
switchboard, instead of having it end at the panel where its 
drop is fixed, and to "tap" it for jack connections at every 
panel, or every three panels, as just explained. There are two 
ways of attaching the jacks on a line— either in " series " or in 
"parallel." The latter method is known, in telephone par- 
lance, as the " branch terminal " wiring, also the " three-wire 
system," and is, briefly, the method of bridging the circuit 
between the line and return wires of each subscriber over as 
many jacks as the system requires. It is the system now 
adopted in most up-to-date exchanges. 



1 Fig. 1 



3 is shown 



The Series Multiple Switchboard.- 

the plan of wiring the jack and diop co 
wired, metallic circuit multiple switchboard of ^oodrops. Three 
out of the three hundred subscribers' lines are shown, number 
45 having the drop in the first section, no having the drop in 
the second section, and 2(6 having the drop in the third section. 
Thus, Section I has subscribers' drops 1 to 100; Section II, 
drops loi to 2oo; Section III, drops 201 to 300. Each drop 
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liiLS tile answering juck to correspond, and the operation of 
receiving a call and connecting a subscriber is the same as that 
in the standard type of switcliboard already described. In 
addition to the 100 drops and answering jacks belonging to each 
section, however, there are also 300 multiple calling jacks, 
representing, as shown by the above figure, every subscriber's 
line which is wired to the board. So in case number 45, in the 
, wishes to converse with number a 16, in the third 
. there is no need to communicate with the operator at 
three, but simply to insert the calling plug in the multiple jack 
belonging to line number 216, which is wired to Section I, as 
shown. 

Testing Arrangements of a Multiple Switchboard. ^In 

order to attain the end for which a multiple switchboard is 
deiiigned^the placing of calling jacks for every subscriber, 
even to 5,000 or 6,ooo, within reach of every operator in the 
long row of switch panels — it is necessary that there should he 
some ready method for determining, at any section of the 50 or 
6a in the row, whether any one line is engaged or not. To 
accomplish this end a still further complication of machinery is 
necessary. An extra battery and a grounded circuit are bridged 
between the sleeve strand of the calling plug and the operator's 
telephone set, for the purpose of testing the lines, in the manner 
to be presently explained, 

^Test Circuits of a Series Switchboard. — Fig. 154 shows 
he sleeve, test and listening connections of a series metallic 
multiple switchboard. In order to avoid the bewildering com- 
plications, unavoidable in the use of tlie ordinary diagrams, the 
circuit terminals are represented as connected with a type of 
listening and ringing key, which has already been fully explained, 
both as to its construction and operation. In this figure the 
important points are the sleeve strand and the listening circuit. 
Consequently the other connections of the switch key are merely 
Indicated. Here A is the wire connected to the answering plug, 
aad C, that connected to calling plug, of a given pair, the tip 
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and sleeve strands being connected to the key, as already 
explained. To the sleeve terminal of C is connected a battery 
of celts, B, connected to ground at X. As they are permanently 
bridged across the sleeve strand of the plug circuit, this battery 
and ground connection would undoubtedly unbalance the line, 
with the probable result of short-circuiting the talking current 
with some other connected iine, were it not that the impedance 




lUiple awiti^hboard, aiinp1ia«i 



r reactance coil, R, is placed as shown. This coil offers a much 
higher resistance than the telephone line, and, as a result, effect- 
ually prevents all shunting or interference. Consequently 
when the cord circuit is connected, a-tid the battw-j, B^\sSi, \.w. 
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connection with the line, as it is easy to see must be the case, 
the working of the telephonic current is in no way interfered 
with. The battery, B, however, is intended to act only when 
some other operator's telephone set is bridged into line with the 
tip of her calling plug, as will be afterward explained. Inter- 
posed on the line leading to the operator's receiver will be seen 
the condenser, D, which is intended to prevent disturbances in 
the line from producing conditions liable to give a false " busy " 
test. Furthermore, the secondary winding of the induction 
coil is split into two parts, one end of each being connected to 
line with the plug strands, tip and sleeve, the others with the 
pole coils of the receiver magnet. The ground connection 
shown at the receiver leads from the center point of the magnet 
coils, so that such electrical impulses can be run from the 
battery, B, through the condenser, D, pass through one side of 
the secondary winding of the induction coil, and through one 
side of the magnet coils to ground. 

Method of Tasting. — By reference to Fig. 150 it will be 

seen that the series wiring to the jacks is made only from the 
line wire, the return wire being strung parallel to it along 
the entire length of the board, and connected " in multiple " 
with the thimbles provided to give the sleeve contacts of the 
plugs. The effect, therefore, of inserting a calling plug in a ' 
multiple jack is to connect the thimble, or sleeve contact, of 
every other multiple jack on that subscriber's line with the 
battery, B, through this return, or test, wire. As soon as a 
circuit is formed to ground from the battery, B, by making 
contact with the thimble of any multiple jack in a plugged line, 
an electrical effect must follow. The nr.ethod of making the 
testis as follows: Suppose that subscriber 10, in Secttoo I, 
wishes to communicate with subscriber 326, in Section IV, he 
turns the crank' of his apparatus generator, thus calling the 
attention of the operator at Section I, who inserts an answer- 
ing plug in his answering jack. Having ascertained his wishes 
she must make a test to discover whether line jzt 
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any other section of the switchboard, and to do so holds her 
telephone set on circuit, and touches with the tip of the calling 
plug, belonging to the same pair, the thimble of the multiple 
jack of subscriber 326 on the panel in front of her. If sub- 
scriber's line 316 is engaged, she will receive the "busy test" 
as follows : The tip of the plug, touching the thimble of multiple 
jack i-i&, will close a circuit with the grounded battery at 326, 
Section IV, through the test wire, as shown to the thimble of 
the multiple jack, numbered 326, in Section I; thence through 
the tip strand o( the plug, through the condenser, D, through 
one-half of the secondary winding of the induction coil of 
operator, Number I, through one pole coil of her magnet 
receiver, through the ground wire connected lo the middle point 
of coil wire, lo earth and to the ground connection of the lest 
battery in action at Section IV. The condenser, D, being 
placed in the line, while preventing the transmission of a 
continuous current, will discharge into circuit with the result 
of giving a sharp clicking sound in the operator's receiver, thus 
informing her that the line is busy at some other section. If 
the line is not busy, no result whatever will follow the act of 
touching ihe thimble of the multiple jack with the plug tip, and 
lections may be made at once. 

The Use of the Condenser In a Test Circuit. — While the 
electrical condenser, like the induction coil, loims a complete 
break in the circuit, so far as a continuous current is concerned, 
it is useful in 3 variety of ways in both telephony and teleg- 
raphy. Even though the plates composing a condenser of 
ordinary pattern be insulated from one another, the rapid 
variations and reversals of the telephonic current produce an 
inductive action between tiiem, and allow the transmission of 
speech with ease and perfectness. It is also the device best 
suited to the test needs of a multiple switchboard of the series 
type. 

Defects of a Series Multiple Switch boa rd.^The series 
multiple switchboard is open lo ciilicisttv in a wvi.isv'ii^v q^ -^-it^vo*.- 
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lars, most prominent among them being the constant liability 
to disarrangement of a line by a particle of dust or some 
foreign substance lodging between the springs of a multiple 
jack and insulating them, and the difficulty in using self- 
restoring drups on the lines, as would be a most desirable 
addition in the complicated machinery of a muUipie switchboard. 




^^^ remedy these and other grave diflictiUies, the othe; 
multiple board, the parallel, or multiple-wired, branch t 
or three-wire board, was devised. While much more 
caled in some respects, and requiring more appliance; 
successful operation, this type of switchboard is com 
more extended use. 



type of 

compli- 
for its 



The Branch Tcpminal Multiple Switchboard. — Fig. 156 
shows the wiring plan of oni? type of branch terminal muUiple 
switchboard. For convenience, only one line is shown through 
its multiple connections in three sections. Here are the two 
line wires, as in the scries board, marked L and R; also a 
third, the test wire, T. running parallel to the other two through 
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the whole length of the board, and the common ground wire, (7, 
which, unlike the test wire with which it is connected when any 
test circuit is closed, is common to all the jacks in the board, 
belonging to all subscribers whatsoever. The jacks of this type 
of board have five contact points — three springs and two 
thimbles, as shown. The thimble, A^ is connected to the 
wire, L; the short spring, B, to the wire, R ; the spring, C, and 
the test thimble, Z>, to the test wire, 7", and the spring, E, to 
the common ground return wire, G, Self-restoring drops, of 
the type already described, are used with this board. Thus, as 
may be seen, the insertion of a plug in any jack closes two 
circuits — the telephonic circuit, on metallic line, and the drop- 
restoring circuit, on grounded line ; besides leaving the grounded 
battery connected to the test thimbles, Z>, ready to give the 
necessary **busy" test at any section of the board, in the 
manner already described in connection with the series multiple 
board. In order to make those connections, the plug of a 
three-wire switchboard must be of slightly different construc- 
tion from the ordinary type. This is shown in Fig. 156, where 
is represented a plug inserted in a jack of a three-spring 
variety. As may be seen, the tip of the plug registers with 
spring B ; the sleeve with thimble A ; the springs, Cand -£", are 
forced apart by the entrance of the plug, and are held in elec- 
trical connection by the metal collar, A', which is fitted over the 
shank of the plug, as shown, but separated from it by an 
insulating ring. The test thimble, D, is made sufficiently wide 
to permit the insertion of the plug without making contact. 

The operation of the speaking circuits of this type of board 
is the same as in all the types of boards previously described. 
The circuit of the self-restoring drop is made, as shown by the 
connection of the two springs, C and /^, instead of by the 
connection of two thimbles, as in the standard type of board, 
when strung for these drops, as already described. The drop- 
restoring and test battery, /', is, like the ground connection, G^ 
of the test wire, common to all subscribers' lines. 
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The Branch Terminal Testing Cirei 

of a branch terminal board is constructed 

from that of a series board, but the maiini 

is the same, the "busy" signal is the sam 

type of board, it is switched into operative connection when th« 

table telephone set is bridged into line. Fig. 158 shows the 

general features. Here K is the switch key, already described ; 

A and C, the connections to the answering and calling plugs, 
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of the operator's talking set. As will 
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cords when talking conni 



^ 



As in the test circuit of a series board, the secondary 
iding of the operator's induction coil, J, is divided into two 
.ves, two ends of which connect to the terminals at T, and 

other two to the poles of the receiver. Here, also, the 
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ground connection is made at the middle point of the receiver 
coil wires; with the marked difference, however, that the 
battery, B^ is interposed, thus making the test battery circuit 
in this board the reverse of that in the other type. Of the two 
terminals of T^ one is connected by a branch wire, as is showil, 
direct to ground through the common ground wire, F, thus 
making the two terminals of the test circuit, from ground at A', 
through battery B^ to the middle point of the receiver coil, 
through one-half of the coil, through one-half of the secondary 
winding, at J^ to ground at Y. 

Making a Test. — In order to make the **busy'* test the 
operator works the key, as formerly explained, so as to bridge 
her talking set across the strands of the calling plug. She 
then touches with the tip of this plug the thimble of a multiple 
jack belonging to a subscriber who is called at her section. 
If his line is disengaged no electrical effect will follow, and 
connections may be made at once. This is true because, when 
the line is idle, the test ring and the tip of the plug, both 
connected to ground througli the battery, /?, are at the same 
potential, and no current will flow. By the connection of the 
springs, C and K of the jack, however, by the insulated collar 
of the plug, a difference of potential between the terminals, plug 
tip and test thimble and ground is created, and on the contact 
of tip and thimble an active circuit is made, with a resulting 
click, which may be heard in the oj^erator's receiver. 

When the operator's talking set is bridged into the cord 
strands of the plug another result is produced. Connected to 
terminal 2 of 7" on the switch key, will be seen a line leading to 
one side of the restoring coil, A\ of the clearing-out drop. 
This enables the closing of the drop, should it be open, by the 
simple act of switching in the talking set, an arrangement 
having its advantages when we consider that it is usual to place 
self- restoring drops behind glass, as protection from dust and 
other interferents. With the bridging-in of the talking set, there- 
fore, a circuit is formed from ground at A', through battery B, 
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fcough the reslorinff coil, R, through one-lialC of tlic Eccondary 
pding of the induction coil, J, through both pole coils of the 
. through the other half of the induction secondary, 
(terminal i, and thence through its connected line to ground 




simplified by (he use ul a familiat fonu of swilch kej-. 

Visual " Busy" Signals. — A number of multiple swilch- 
liirds, more particularly such as operate by a. common 
Lcbange battery, are equipped with a " busy " signal system of 
different description from any uf those mentioned above. It 
insists, in brief, in arranging a small electro-magnet and drop 
luttcrin connection with each muiliple jack, so that when a 
ven line is plugged, a local grounded battery is thrown into 
rcuii, and all its multiple jacks are closed by drop shutters, 
hich enables the operators to tell at a glance whether or not the 
ie is busy. Such an arrangement, uf course, is advantageous 
. obviating the necessity of making the "busy" test, as 
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described above, and also in simplifying the wiring of the mul- 
tiple jacks. Further it does away with the complicated test 
circuit arrangements, which must involve added perplexity in 
the operator's cord attachments. It has not, however, come 
into general use. 

Divided Muitipie Switchboards. — The vast complica- 
tion of the ordinary type of the multiple switchboard has been 
the occasion of numerous inventions proposing to simplify the 
necessary plant of a large exchange. The most representative 
of these devices are, respectively, the divided multiple switch- 
board, and the various locally inter-connected, transfer or 
express systems, whereby tr unking plugs are used to connect the 
several positions of a switchboard, enabling the making of con- 
nections without the use of multiple jacks. The divided 
switchboard is the invention of Milo G. Kellogg, of Chicago, 
and, as manufactured by the company of which he is the head, 
maybe briefly described as follows: In an exchange of, say, 
6,000 subscribers, which means 60 positions of 100 drops each, 
and at least 20 multiple jacks to every line, we have 120,000 
jacks at least, exclusive of answering and trunking jacks. Mr. 
Kellojj^ij^'s system accomplishes the very desirable result of quar- 
lerinti^ this figure, giving a total of say, 30,000 multiple jacks to 
a system of 6,000 subscribers. This he does b}' dividing the 60 
positions mentioned into four divisions, and constructing the 
calling apparatus with polarized drops and ordinary pole 
changing switches. 

Polarized Drops. — Let us suppose that each of the four 
divisions of the Kellogg switchboard represents an even 1,500 
subscribers. Then subscriber No. 1 20, whose drop is at position 
2 of division i, has a drop not only in that position, but also at 
a corresponding position in divisions 2, 3 and 4. By this device 
he may call any subscriber he desires in either of these three 
divisions. The device is simple. His magneto-generator, or 
other source of calling current, is furnished with a pole-changing 
switch, which may be so manipulated as to enable him to send 
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r third-wire relu 
ifire with a % 
i>ur currents men 



tive current over the line wire with a ground 
, or a positive or a negative current over the 
pund or third-wire return. The first of the 
, his drop map-net in 



■nentioned will energize, saj', 
/ifiion 1; the second, his drop in division 2; the third, in 
vision 3; the fourth, in division 4, each of these drops being 
polarized as to respond to that particular current and no 
ler. Thus he may transmit a call to any one of the four, as 
desires, according to the position of the subscriber with whom 
seeks communication. 

Answering and Multiple Jacks. — Subscriber ijo has an 
swering jack in position 2 of division r, as we have seen, and 
o in the corresponding position in divisions 2, 3 and 4. In 
'ision I his line is also tapped with multiple jacks at every 
;tion in the ordinary fashion. But he has no multiple jacks 
the other divisions, the sole object of connecting his line to 
?m being for purposes of calling subscribers belonging there. 
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with 120 will so arrange his calHn; 
switch, as to release his drop in 
jack of 120 may be plugged as de 
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Advantages of the System. - 

ments there are also relays which operate to break the circuits 
of all the drops of a subscriber the moment a plug is inserted 
in any jack on his line, thus obviating the confusion arising 
from false calls. The testing circuit is arranged in the same 
fashion as in the ordinary multiple switchboard. By the use of 
the divided board system, not ontj' may the number of multiple 
jacks be reduced, but four times as many subscribers maybe 
wired to an exchange. The limit on an ordinary board is 6,000 
subscribers, with 120,000 jacks. With a Kellogg divided board 
exchange there may be 24,000 subscribers, and yet but 120,000 
jacks, on the principle just explained. Such an arrangement, 
^successfully carried out, must mean an increased activity in the 
llephone business and a corresponding reduction in tariff rates. 
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LOCALLY INTERCONNECTED OR MULTIPLE TRANSFER 
SWITCHBOARDS. 



Objections to Multiple Switchboards. — While the mul- 
I'UDle switchboard is a very complete and in many ways a satis- 
factory device fjr accomplishing the ends for which it is 
constructed, its great complexity, and the correspondingly 
increasing cost of installing and enlarging exchanges equipped 
on the multiple system have set numerous inventors to work on 
the line of devising satisfactory substitutes. Their efforts have 
resulted in the several systems of transferring, by which the line 
of a calling subscriber may be directly switched to the board on 
which is the jack of the called subscriber. While in all these 
systems there is reqiiircti very complex appliances, the absence 
of the multiple JLick feature more than compensates for il. 

The Sabin-Hampton Express System. — Perhaps the 
most typical, and certainly the most complicated, of the transfer 
systems is the Sabin and Hampton "express'," system. This 
operates, briefly, as follows: In the first place, the apparatu: 
the subscriber's station is constru 
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magneto generator, the operatii 
on the switchboard panel beii 
from a storage battery at the e: 
the subscriber's station to the e 
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battery systems n 
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which the plug draws it away in precisely the same fashion as 
iti the types of jacks already described. The jack of this system 
is, in fact, a double jack, having two line springs and two drop 
contacts. A jack of this description is shown in Fig. 160. 

Rising Visual Signals. — When a subscriber takes his 
receiver from the hook the circuit is closed at his apparatus, 
through the two drop anvils of his jack, through the local 
battery and the coil of the drop, causing the armature to be 
attracted and the target to be raised so long as the plug is not 
inserted in the jack. Immediately this is done, the circuit is 
broken at the jack anvil contacts, and the target falls into its 
Dormal position. Such a line signal is shown in Fig. 162. 

Call Boards and Order Boards.^There are two kinds of 
switchboards required by this system, which for convenience, 
we may designate as the " call " boards and the " order" 
boards, respectively, although these terms are here adopted 
merely for simplicity's sake. The "call" boards are of the 
ordinary type, containing the signals and jacks of 100 sub- 
scribers to a panel, as in all others, but without the operator's 
listening and ringing keys already described. The "order" 
boards are equipped with signals and jacks corresponding to 
every section of the call board, so that connections may be made 
between the two. 

Operating the Call Boards.— The plugs of the call boards 
differ in two particulars from the ordinary type. First, they are 
arranged in single rows instead of double, as in other boards; 
second, they form the terminals of a " trunking" circuit between 
the call boards and the order boards. That is to say their lip 
and sleeve strands connect direct to the signals — each plug has 
one — on the order board. Thus when a subscriber calls, and his 
signal rises at the call board, the operator there merely inserts a 
" trunking " plug in his jack, causing his signal to be restored, 
and pays no further attention to it, 
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Operating the Order Board. — The insertion of the pl*jg 
in the jack of the calling subscriber continues his line from the 
call board to the order board, where the proper signal is 
displayed. The operator at this board then moves the proper 
switch key, so as to bridge in her telephone set and inquire the 
wants of the subscriber thus transferred from the call board. 
Having ascertained the number of the subscriber with whom 
he wishes to converse, she presses the ** order key " of a trunk 
line leading to the call board section containing the called 
subscriber's jack, and by this act having placed herself in direct 
connection with the telephone of the operator there, directs her 
to make the proper connections. The operator at the second 
call board, thus signaled, answers, informing her which one of 
the several trunk plugs to use; and this being complied with 
makes the desired connection. 

Lamp Signals and Relay Circuits. — The signal and clear- 
ing devices used on this type of exchange boards is at once 
ingenious and complicated. Instead of drops of any description 
incandescent electric lamps, white and red, are employed for 
this purpose on the order hoards. The trunking plug being 
inserted in the jack of the calling subscriber at the first, or 
incoming call board, completes the circuit closed at the sub- 
scriber's station by the removal of his receiver from its hook, 
from its tip strand, through a balance coil arranged to prevent 
interference between the signaling and talking currents, through 
a local battery, which energizes the coil of a relay, constructed 
on the same plan as the ordinary switchboard drop, thus causing 
it to attract its armature, and from this coil to the sleeve strand 
of the trunking line. When the relay attracts its armature it 
closes another circuit between a battery and the signal lamps 
on the table of the order board. As soon as the circuit is thus 
made the white lamp is lighted, and continues burning until the 
operator of the order board switches in her telephone set; or 
until she lifts the plug from its socket, to insert it in the jack of 
the section containing the called subscriber; or until the calling 
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■bscriber replaces his receiver on its hook, thus breaking the 
:uil. 

Operation of the Signals. — The withdrawal of the plug 
bm its socket at the order board, in order to insert it in the 
Ijuired jack, and thus make the trunking connections with the 
Itgoing call board, releases a leaf spring, which breaks the 
lit of the white light and makes the proper contacts for the 
light, which is lighted as soon as the calling subscriber 
(Stores his receiver to its hook. Thus the white light acts as 
I calling signal and the red light as a clearing-out signal, 
.bering that the red lamp depends for its proper connec- 
1 the removal of the plug from its socket, we may under- 
ind how that the removal of the plug from the jack at the 
r board, before conversation is ended, will again make the 
lit of the white light, thus causing it to burn again, as a 
signal to the operator that she has made a mistake. Similarly, 
should the operator at the first, or incoming, call board remove 
the plug from a jack before the conversation is ended, the 
calling signal, already described, would again be displayed, 
thus indicating that the circuit is still made from the subscriber's 
apparatus. The order board relay, already described, being 
w'.red in multiple to a r^lay at the incoming call board, 
operates a similar sort of clearing-out signal there. 

The Clear-out Signal System. — The clearing-out mech- 
anism of the outgoing line, as operated on all call boards what- 
soever, when plugged for an outgoing line, is somewhat compli- 
cated, although highly efficient. Briefly it consists of three 
different relays, the combined calling and clearing drop and 
two others, which, by their individual energizing at the succes- 
sive acts of the operator, can make or break the circuit of a 
signal lamp placed at a convenient point for indicating the 
state of a particular line. The connections of the calling 
and clearing relay signal are made as already described. The 
two other relays form a pair, one placed above the other, Ihe 
poles in opposite directions, in such fashion that wha-t c-a^xc- 
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Spends to the shutter of ordinary drop coiis with the upper onej 
is the armature of the lower one. This shuiter-armaturel 
normally leans away from both coils, but having been attracted I 
by tlie lower of the two and then released, it is caught and held ' 
by a hook at the end of the armature lever of the upper coil, | 
just as the shutter of the ordinary drop is held in place. This I 
contact, however, makes a circuit which lights the signal lamp, 
which circuit is broken so soon as the coil of the upper relay is < 
energized, thus raising the armature lever and allowing the I 
shutter to fall down to its normal position. 

The Signal System on an Outgoing Line. — The operation 

of the signal system of a call board with an outgoing line is as 
follows; The operator at the call board having made the 
connection as directed by the operator at the order board, 
having inserted the trunking-in plug into the designated jack, 
pushes the button of her ringing key, thus sending a calling 
current to the subscriber desired. The ringing key is so 
arranged that the act of pushing the button does two things — 
sends a current and makes the circuit between a local battery 
and the lower of the two relays just mentioned, causing it to 
attract the armature or shutter. As soon as she releases the 
button of the key the circuit is broken, and the arm, 
shutter falls away from the pole of the lower relay, being caugl 
by the lever hook of the upper relay, and thus closing t! 
circuit from a local battery, through the shutter armature to 
lever hook, through the lever to the armature pivot of the up] 
relay, through the incandescent signal lamp just mentioned, an4 
back again to the other side of the battery. The lamp thus' 
lighted by the depression of the ringing key remains buminy* 
until the cailed-for subscriber takes his receiver from his switcl 
hoob. This act, as with the calling subscriber, in the fii 
instance, causes the calling coil to operate and raise its shutti 
as previously noted. This raising of the shutter also makes 
circuit through the coil of the upper relay, causing it to atti 
its armature and raise its armature \fe\eT, TtVe.a.'iw^ 'C^.ti dwass 
from the hook, and by allowing x.\ie s\vu.\.tet v^i S.^^. a.-«B.T 
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breaking the circuit of the signal lamp. The shutter of the 
calling and clearing signal, thus raised, remains so until the 
conversation is eixied, the falling of the shutter being the 
clearing signal. Since the initial act of operating this system of 
signals is pressing the ringing key, very little reflection will 
show that it could not be used except on the outgoing line. 

Advantages of the Express System. — Although the mech- 
anism of the express system may seem uselessly complicated, 
and there are several disadvantages in the delay entailed in 
having three operators to handle every one call, yet the great 
expense and constant attention to involved circuits and delicate 
contrivances entailed in the installation and maintenance of a 
multiple switchboard are obviated. The express transfer system 
is much more readily operated, and the constant danger that a 
careless or inefficient operator will plug the multiple jack of a 
busy line is completely done away. This system is also con- 
trived to save manual labor and the attention of the operator to 
the last degree. Instead of compelling her to answer each 
individual subscriber to inform him when connections cannot 
be made, power-driven phonographs are attached to the boards 
which constantly repeat into a transmitter, mounted with induc- 
tion coil and battery, the required sentences. These may be 
connected to the line by inserting a plug in a jack connecting 
to the one or the other phonograph, and thus allowing the 
sentences: " Subscriber called for does not reply," or, "Busy; 
please call again, " to be transmitted to the calling subscriber. 
The latter phonograph is attached to the order board, and is 
switched into line by the operator there as soon as she has 
learned from the operator at the second call board that the 
required line is in use; the former is attached to the call board, 
and is switched into the line of a would-be outgoing subscriber 
so soon as, by the lamp signals already described, the operator 
has learned that the called subscriber does not respond. These 
phonographs are useful, as enabling an operator to give the 
required information by a simple maiwi'dX acV, ^'vCu-a^V "-i-W-f^- 
j-upting- her other dtities to speak aVon^ v.\vt\\ne.. 
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The Cook-Beach Transfer System. — Another transfer 

I system based on some of the same general principles, although 

mploying only one type of hoard fur both -calling and order- 




ing, is the Cook-Beach system, which is used in connection with 
the apparatus of the Sterling Electric Co. The plan is to have 
all subscribers' drops arranged on section panels of one hundred 
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each. In addition to tlie regular switchboard apparatus — drops, 
jacks and plugs — ^there are also transfer drops, jacks and plugs, 
directly connected to each other several section of the board. 




be underslood 
be contlmiou! 
the terminals 
linking plug," 



Thus there can be both visual signaling between the several 
operators, and also trunking connections between the several 
sections of the switchboard. 
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Making a Connection. — When any subscriber, say Nui 
her 50, "rings up," his drop falls on his section of the swilc 
board, Section I, thus signalling the operator in the usual | 
manner. She immediately inserts in the jack bearing his num- 
ber the answering plug of a given pair, which, as we have 
previously seen, is shorter, than the calling plug, the latter 
being made longer, so as to act on the jack springs and cut 1 
out the drop coil. Having ascertained that Number 50 wishes 
to converse with Number 600, the operator inseiti the long 
calling plug in the transfer jack corresponding to Section V of J 




the board on which are hung the drop and jack of 600. This 
causes the " transfer drop " of i, on V, lo fall. At the same 
time she depresses her order key, which throws her talking set 
into circuit with that of the operator at the fifth section, and 
informs her that 50 wishes to be connected to 600. The opera- 
tor at V then takes the trunking plug on her board correspond- 
ing to the line that has just signalled, and inserts it in the jack 
of the called subscriber. Number 600, thus completing connection 
by the use of three plugs. 

Operation of the Signa* S-^stem.— '^^•^ t\cM\T^^^i^\. 
s/g-a^i system on this type ut iranaScv bt-Aifii. v=. ^vmv^«^. ^.'^ "Q^ 
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of the calling subscriber, left bridged across the talking 
■rcuit, is usually employed for this purpose on the boards of 

E Sterling Company, its fall indicates the close of the conver- 
^tion to the operator at Section ]. As soon as she notes this 
gnal, she removes the plug from the jack, which act causes 

e transfer drop on Section V to fall, signaling the operator, 
at any time before the close of the conversation, either 
operator should remove the plug from the jack, the act causes 
the shutter of the " hang-up drop " on her section to fall, thus 
apprising her that an error has been made. She can then insert 
her plug in the " hang-up jack," and learn from the subscriber 
what his number is, and then remake the connections. On the 
other hand, if a calling operator should make the mistake of 
making trunking connections with a line that is already busy, 
the operator at the called board may, by depre.ssing a cut-out 
button on her transfer key, break the connection. 

The Western Express Transfer System. ^ The transfer 
system of the Western Telephone Construction Co., of Chicago, 
is simpler in many respects than either of those previously 
described. On the table of each loo-drop section are arranged 
twelve pairs of plugs, one of each for calling and the other for 
answering. Ten of these pairs have bridged between the two 
plugs a trunking line, which leads out from that section, say, from 
the first, to the fourth, seventh, tenth sections — ^to corresponding 
plugs at every third section. Each transfer plug represents a 
distinct wire, so that there are ten distinct trunking lines le.id- 
ing to and from every section of the switchboard. Murciver, 
the transfer line of each pair of trunking plugs is attached 
midway between the calling and the clearing-out drop in every 
case, so that the clearing signal may be given at the section con- 
taining the drop of the calling subscriber, while the drop at 
the transfer section is cut out. A board equipped with the 
transfer apparatus of this system is pictured in Fig, 139. 

Operation of the System.^On tecewV^^ ^ fAV -slV Mi-^ 
section, the operator merely insevls X.\\e aw^'seVva^ T^'*^ "^^ ■* 



given pair in tlic corresponding jack, after the usual manner, 
and. having switched in her telephone set, inquires his wishes. 
If he asks to communicate with another subscriber at the fourili, 
seventh or tenth board, she depresses a push button on the 
table in front of her, which makes connection with the talking 
set of the operator at that particular board, and informs her 
that a subscriber on the first, second, third, fourth or other 
trunk wishes to communicate with one numbered on her board. 
The operator, thus addressed, takes the calling' plug of the des- 
ignated pair, and, inserting it in the jack of the called sub- 
scriber, makes the connections in the usual manner. It will 
readily be seen that but two plugs are used in any connection, 
even to the end of the switchboard. If the called-for subscriber 
stands in any other section than one that is third, sixth, ninth 
or twelfth, etc., from the section of the calling subscriber, the 
operator ai his section calls up the operator at the section near- 
est to that containing the desired number, which will be either 
to her right or to her left, and she inserts a plug in his jack. 

ThB Cloar-out Signals. — The clearing signals of this 
system consist in a series of incandescent electric lights con- 
trolled by relays whose circuits are made by spring contacts 
arranged at the base of the answering and of the calling plug 
of each pair. When, as we have seen the shutter of the 
clearing-out drop falls at the section of the calling subscriber, 
she removes the answering plug from the jack, and replaces it 
in its socket on the table in front of her. As soon as it is thus 
replaced it depresses by its weight a contact spring, thus making 
a circuit through a relay and a local battery to a miniature 
lamp at both that board and the one of the called subscriber. 
The lamp thus lighted at the latter section informs the operator 
there that the conversation is completed, and she removes the 
calling plug from the jack ol the called subscriber and replaces 
it in its socket. By this latter act she allows it to depress a 
contact spring, which breaks the circuit of the lamps and informs 
the operator at the first section that the disconnection is made. 
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EXCHANGE BATTERY SYSTEMS. 



Advantages of a Common Battery. ^In conducting ami 
intaining an extensive exchange svstem it is. of course, ex- 
mely desirable that the details should be, as far as possible, 
ipiified, and that all points of avoidable expense and care 
luld be eliminated. Such ends are very largely attained by 
: use of the various common battery exchange systems now 
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fairly typical common battery systems. As in both of these 
systems the insertion of a plug in the subscriber's jack cuts out 
the signal and makes the circuit for the talking battery. A 
further elaboration consists in attaching a constant current 
battery to the cord circuit of each pair of plugs, so that, when 
the signal battery is cut out by plugging the jack, energy is 
supplied for operating the transmitters. These general prin- 
ciples ure largely typical of all the various systems of common 
battery exchanges, although the devices employed for their 
successful application in practice vary widely. 

Signaling Circuits and Batteries. — Fig. 167 represents 
a common type of central energy subscriber's station apparatus, 
the practical operation of which must be obvious to any one. 
The transmitl(:r and induction coil are attached to the head ot 
[}ie backboard, and the ringer and switching apparatus within 
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Fio, 167.— Telephone Station Appumliin 10 Qpemfe 
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Be box below. No battery whatever is included. To signal 
Bntral yra/M such an apparatus the subscriber merely unhooks 
eceiver, with the result of closing a circuit with the switch- 
d signal, as has been already described. This result is 
mplished generally by making a path of small resistance 
\ place of one of large resistance, which is maintained so long 
s the apparatus is not in use. Such a resistance is obtained 
by a high winding of the ringer magnets — they are sometimes 
wound as high as 5,000 ohms — which prevents an etficient 
current from reaching the switchboard signal. As soon as the 
receiver is unhooked there is provided a path of comparatively 
no resistance along which the current can readily flow from the 
exchange and back again, so as to energize the signal coil or 
flash the call lamp. The result is also accomplished by clos- 
ing a normally open circuit between the two limbs of the 
line. 

Calling a Subscriber. — There are two general methods 
of connecting a subscriber's ringer to the exchange switchboard; 
either by connecting it ;// sciics on a bridge between the two 
wires, the high resistance of its magnets barring the current as 
soon as the telephonic receiver and transmitter are switched 
into circuit; or else by placing it with one side normally con- 
nected to the test wire of the circuit and the other grounded, in 
order to enable it to take current from a grounded battery at 
central, the talking apparatus being normally cut out of 
circuit by the depression of the switch hook. In both cases the 
ringing circuit is made by the insertion of the calling plug in 
the line jack, the apparatus talking set being meantime out of 
circuit, as above explained. According to these arrangements 
of circuits the apparatus is normally in condition to receive a 
call, and can transmit a call bj the simple act of raising the 
switch houk. These variations from the ordinary scheme of 
apparatus arrangement are necessitated by the new conditions 
introduced by the use of a central battery, in accordance with 
which problems arise on the point of how to use a central energy 
:ct to advantage without having it too weak to energize the , 
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switchboard signal or too powerful for use on the talking 
circuit. 

Sources of Energy. — In all systems of common batter)- 
exchange the talking and switchboard signal energy is derived 
from storage batteries which are charged from power-driven 
dynamos in the usual fashion. This practice is superior from 
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the fact that the fluctuations of current characteristic of 
dynamos, which are very annoying on telephonic circuits, are 
completely avoided without resort to transformers of any descrip- 
tion. Again, since the source of power is seldom required for 
work at its full capacity at any one time, the operation of a 
dynamo would involve needless waste for most exchange systems. 
However, for signaling subscribers it is customary to use 3 
power-driven alternating dynamo, such as is shown in Figs. 
168-169, an alternating current being required to operate the 
subscriber's polarized ringer, while the direct current from 
the storage battery is required for the talking circuit. 
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Methods of Applying Central Energy. — Tn ringing from 
iitral exchange to any subscriber's apparatus, the method 
bf applying and transmitting the power need differ in no 
particular from the devices followed in the ordinary local battery 
systems previously described. How to centralize the talking 
energj' is, however, a problem filled with many difficulties, 
since we must have a center source, a current in two directions, 
and an uninterrupted flow of energy from one subscriber's 
apparatus to any other with which his line may be joined at the 
switchboard. The most logical means of applying the current 
is to bridge the battery between the two strands of the plug 
circuit, so that one pole is joined to the sleeve strand and the 
other to the tip strand. By such an arrangement, as will be 
readily understood, a circuit will be made so soon as either 
plug of a given pair has been inserted in a spring jack; the 
current traveling from the battery on to the tip strand, thence 
through the jack contact spring to the subscriber's apparatus, 
back on the other limb of the line to the contact spring, through 
the sleeve, its strand, and to the battery again. To make the 
central energy operate like a local energy at each end of the 
line when both plugs are in jacks, or, in other words, to prevent 
the short-circuiting of the talking current at the central bat- 
tery, is the difficulty first to be met and overcome. The various 
solutions of this situation constitute a big part of the several 
systems now in practical operation. 

Connecting the Battery in Series. — One of the earliest 
applications of the central energy theory consisted in connecting 
the battery in icries ; that is to say, attaching both its poles in one 
strand of the plug circuit, as, for example, the sleeve strand. 
The circuit was then made from the positive and back again to the 
negative pole, either when both plugs were inserted in the jacks 
of two subscribers, or else when the operator's talking set was 
bridged across the cords in communication with a calling sub- 
scriber. The receiver and transmitter at the subscribers' 
stations were also arranged in series, as in the ordinary local 
baliery apparatus, the only difference being that the ener^ for 
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operating the transmitter circuit was derived from the switch 
hook contact of the induction coil primary, as shown in Fig. 102, 
instead of from the galvanic cell. While this system was 
perfectly practical, it would seem that a great disadvantage lay 
in the fact that the circuit, so energized, was not balanced, and 
that the speech -bearing current would be unevenly transmitted. 




^^ stri 
■Lbei 

I 



.ft with the dym 



Methods of Balancing the Circuit. — ^As a consequence 

of its shortcomings this system of battery connection was 
abandoned for that at present adopted — the method of bridging 
the battery between the plug strands. By this construction, as 
we have seen, it is perfectly practicable to transmit a current in 
two directions — from central to both subscribers' stations and 
back again — but the th(;oretical difficulty is to ensure a through 
current from one station to the other, and prevent short 
circuiting at the bridged battery. To accomplish this result 
three typical devices have been adopted: i. To interpose an 
impedaiice coil between each pole of the battery and the strand 
to which it is connected, as in the system devised by John S. 
Stone. 3. To interpose a divided repeating coil between each 
pole of the battery and the strand to which it is connected, each 
strand being thus divided, and the double windings of the coils 
leing joined at the pole of the battery, as in the system devised 
Hammond V. Hayes. 3. To connect the center points of 
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h strands of the plug circuit with the winding of an imped- 
ance coil, whose center point in turn is connected to one pole 
of a grounded battery, as in the system based on the conceptions 
of J. J. Carty and W. W. Dean. Most of the more recent 
central energy devices are based on these broad principles or 
consist in some variation of the systems about to be described. 

The Stone Central Battery System. — By interposing 
impedance coils between [he battery poles and the connections 
on the plug circuit strands two ends are achieved; the direct 
current flows from the battery and back again with ease, the low 
ohmic resistance of the coils offering no bar whatever; the 
rapidly alternating telephonic current is effectually confined to 
its line on the plug strands by the magnetic action of the coils, 
and short-circuiting through the battery is completely prevented. 
Thus the battery current, dividing on the plug strand and 
flowing in two directions to both stations and back again, is 
able, as it is modified by the variant pressure in the transmitters, 
to convey the telephonic impulses from one end of the circuit 
to the other. In connecting a number of plug circuits lo one 
battery the method is lo connect both strands of all plugs with 
the impedance coils and join them in multiple to the battery 
poles. That is all sleeve strands are joined through the sleeve 
coils to the positive pole of the battery, and all tip strands, 
through the tip coils, to the negative pole. The subscribers' 
apparatus in this system are constructed with the receiver and 
transmitter connected in ieries to the line wire, as in the ordinary 
exchange instruments, the current for the transmitter being 
usually derived as in the ienes battery system described above. 

The Hayes Central Battery System. — In the Hayes system 

the battery is bridged or wired in multiple between the plug 
strands, as in the one just explained, the principal difference 
being that each pole is connected to the cord circuit through a 
divided repeating coil instead of through an ordinary magnetic 
impedance. In other words, the current is passed in two 
directions through a transformer or induction coil resistance. 
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he end attained being to obtain the same kind of an inductive 
effect between the two extremes of the line as is obtained 
between the primary and secondary circuits of the ordinary 
telephonic transmitter. In this way, while the direct current 
from the battery emerges from the positive pole, travels along 
both windings of the repeating coil to both stations and back 
again, the continuity of the alternating telephonic current from 
one epd of the line to the other is maintained by inductive 
action. Such an arrangement seems to possess points of supe- 
riority, since, while the plan of passing the battery current 
through magnetic retardation coils effects the end of holding 
the telephonic current on the line, the use of a transformer 
utilizes the central leak to supply an inductive reproduction of 
the transmitted waves. 

Of Repeating Coils. — Repeating colls are used for a variety 
of functions in telephony, being particularly efficient in balancing 
a circuit, as, between a grounded and a full metallic line. 
In the Hayes common battery system they differ from ordinary 
induction coils in that both windings are of the same size of 
wire and of the same length instead of having a primary of 
heavy wire with few turns and a secondary or thinner wire 
with many turns. Like the induction coils already described, 
all repeating coils produce an effect of accelerated current 
intensity according lo the number of turns of the secondary 
winding; the ratio, when other conditions are equal, is just 
about equivalent to that between the turns of the two windings. 
Telephonic repeating coils are usually constructed on the prin- 
ciple of the Faraday ring, shown in Fig. ijj, which differs from 
the ordinary induction coil or other transformer depending on 
inductive action of one winding upon another, such as is shown 
in Fig. 173, in the fact that the core is itself a continuous 
coil instead of a bundle of short wke lengths or a solid iron bar. 
The primary and secondary windings, instead of being super- 
posed, as in the induction coil, are made on either side of the 
ring, as shown in the figure. If they are so superposed, as in 
the in4>4Ctioq coil, the core winding is passed through the e>jc. 
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of the coil and completely around so as to envelope the primaiyl 
and secondary on all sides, as shown in a later figure. 

In Fig. 172 of the Faraday ring, taken as a typical tranj- I 
former, suppose 7* to be the winding, one end of which is 
attached to the sleeve strand of the answering plug in thr 
Hayes system, and S the winding, one end of which is attached 
to the sleeve strand of the calling plug. The opposite ends o( 
both helices are joined and attached to the positive pole of the 




batterj'. The same is true of the repeating coil used to conn«l 
the tip strands of both plugs with the opposite pole of tht 
battery. Thus the current emerging from the batterj- is divided, 
one-half passing to the line and apparatus of the calling sub- 
scriber through the answering plug, and the other passing lo 
the line and apparatus of the called subscriber through the 
calling plug of the given pair; returning in similar fashion 
over the test wire of both subscribers, through ihe tip contacts, 
strands and repeating coil, to the opposite pole of the battery. 
The coils used in this system are usually wound to a resistance ot 
about five ohms, the double windings being equal, both as to 
size of wire used and the number of turns, thus balancing iha 
line. It follows, therefore, that any variation in the total li« 
resistance produced in the transmitters will be evenly repealed 
through the full length of the circuit, and that a balanced 
inductive effect will take place between the two helices of both 
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coils, either helix acting as primary or secondary. The usual 
practice is to wind both coils, four helices, on the same core. 

The Dean-Carty Common Battery Arrangement. — A 

third system of transmitting energy from a central battery lo 
two connected stations consists, as we have seen above, in 
bridging a long-wound impedance coil of iow ohmic resistance 
between the strands of the plug circuit, one end being con- 
nected to the sleeve strand, the other tn the tip strand, and 
attaching one pole of a grounded battery to its center point. 
By this arrangement the battery current moves from the center 
point of the winding in both directions, running along both 
strands o( both plugs, on both line wires, tn both stations, and 
finding its return path from both subscribers' apparatus through 
the ground to the opposite pole of the ballery. The impedance 
of the coil prevents the telephonic current from being shunted 
from the metallic line on to the grounded battery circuit, and 
while maintaining a balance throughout, is particularly efficient 
in insuring through conduction ol the transmitter impulses. 

Of Impedance or Retardation Coils. — An impedance or 
retardation coil consists of an iron core wound with a number of 
turns of insulated wire, and in this particular is comparable to 
an electro-magnet, an induction coil or one of the type of trans- 
formers just described. Its principal function in telephony is 
to bar or impede the alternating speech-bearing current so as 
to keep it on its destined line and off of a bridge between the 
limbs, or from an associated circuit, as in the test arrangement 
of a multiple switchboard or the battery wires of a central 
energy system. This result is to be achieved not by a high 
uhmic or line resistance in the windings of the coil, but by the 
reactance of the magnetized core. Thus, although the term 
" impedance" properly designates anyform of check or obstacle 
met by the electrical current, including true, ohmic resistance, 
it is most generally used as a synonym fur the effects of 
magnetic retardation on alternating currents. In order to attain 
ihis efiect to the best advantage it is essential that, th.^ q.q'c^ i^>^ 
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made of sufficient mass to allow of the greatest desired degi 
magnetic reactance, and of such length as to permit a large 
number of turns of the winding wire. With a core of the same 
mass and a wire of the same size or weight, the efficiency of two 
given retardation coils is usually to be measured by the length 
of the core and the number of turns. Thus for the winding .i 
wire of comparatively low resistance may be employed, and nc 
particular check offered to the free transmission of a direil 
current, whose strength and induced magnetic properties are mod- 
erately constant. An alternating current is impeded in propoi- 



tion to the variations in these particulars. For this reason the 
high-wound bridging bells, such as we have noted in connection 
with the central energy systems already described, will bar the 
telephonic current, which is immensely irregular in phase and 
frequency, while the magnets may be readily energized by the 
regularly alternating current from the exchange ringer gene- 
rator. In measuring the impedance of such instruments in 
ohms it is, of course, intended to express the sum total of all 
checks to the telephonic current, including the " false " as well 
" true," or ohmic, resistance. 

Circuit Arrangements in the Dean System. — The imped- 
e coils used in the Dean central energy system are cOQStructed 
a flattened ring cure, on the principle of the Faraday ring 
in Fig. 172, except that there is but one helix instead ol 
two. This arrangement is adopted in order to give a complete 
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corresponding increase in the 



ugh the ohmic resistance to the battery current 
is very low. The winding of the cores is double; that is, two 
wires are wound side by side to the full length of the helix, as 
is the case with the secondary of the induction coil described 
in connection with Fig. 93. One end of one of them is attached 
to the sleeve strand of the plug circuit, one end of the other 
to the tip strand, and the opposite ends of both are brought 
back, joined together and attached to the battery pole. Thus 
the current emerging from the battery is divided into two parts, 
both of which move through the entire length of the helix of the 
impedance, and thence over both limbs of the line circuit /« 
miillipk to the subscribers' stations. 

The Subscriber's Apparatus Circuits. — Just as there is 
an impedance coil bridged between the plug strands at the 
exchange, so there is one of approximately the same resistance 
and retardation bridged between the two sides of the line circuit 
at the entrance of the subscriber's apparatus. At the exchange 
the current flows from a grounded battery to both ends of the 
double winding; at the subscriber's apparatus it flows into the 
coil/''!"" both ends, joining into one current again at the center 
point of the double winding. Beyond the points where the 
coil is bridged between the line and test wires, the receiver and 
the secondary of the induction coil are strung in series, the cir- 
cuit being completed between them. The transmitter and 
primary winding of the induction coil are placed in a perma- 
nently closed circuit, and at the center points on either side are 
attached the bridge leading from the center point of the retarda- 
tion coil, on the one hand, and the ground terminal of the 
battery circuit, with an interposed resistance coil of high 
ohmage, on the other. Moreover, the primary winding of the 
induction coil is double, the two halves being wound in opposite 
directions, so as to ensure an additional inductive effect on the 
secondary ; an increase of resistance in the one equaling a 
decrease in the other. The two windings then join together so 
as to allow the current to go to ground through the ire.si.^.ta.a':^ 
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il just mentioned. The bell magnets, which are high wound, 
n circuit so long as the switch hook is down, being grounded, 
as to respond to the impulses sent along the line from a 
unded magneto-generator or dynamo at "central." The 
moval of the receiver from the hook completes an auxiliary 
[ircuit from the exchange grounded battery through the helix of 
isua! signal, this circuit being broken at the jack by 
a plug. 
Improved Systems.— Other applications of the general 
ciple of imparting energy through the two strands of the plug 
jit differ from those described above mostly in the elabora- 
i consequent upon the management of supervisory signals 
keep the operator apprised of the condition of the talking 
ircuit, and such additional devices as are required in theopera- 
m of multiple switchboards, where, as may be understood, there 
lUst be suitable arrangements for cutting out the line signal 
■ircuit at every multiple jack. In general, this end is attained 
by the order of devices described in connection with the use of 
incandescent lamps as calling signals. The best practice, in the 
estimation of many of the inventors who have attacked the 
problem, is to pass the central battery current through imped- 
ance coils, at least one system introducing the variation on 
those described of bridging a grounded battery circuit between 
the plug strands, the grounded battery being attached to one 
strand and the opposite grounded terminal to the other, both 
through impedance coils. 

Other Methods of Imparting Energy. — Some inventors 
have attacked the problem of imparting energy to the trans- 
mitter circuit from a different starting point. Instead of attaching 
a battery between the strands of the switchboard plugs, they 
connect the primary circuit of the subscriber's apparatus with a 
power line, additional to the telephonic line, to and from the 
central exchange. One of the simplest, and, in many respects, 
one of the best methods under this general head is that 
described in coni>ection with lamp signal circuits, whereby a 
istant current battery continually charges a storage cell at 
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the subscriber's apparatus, so long as the hook is down, the 
high resistance of the ringer magnets preventing it frorn opeial 
ing the switchboard signal. In this system, as we have seen, 
when the storage cell fails of a sufficient charge to operate the 
talking circuit, sufficient current may be derived direct from a 
bridge connection of the primary winding of the induction coil 
with the line wire to give the desired eifect. In this case the 
telephonic circuit wires are used for conducting the power 
current until the circuits are changed by raising the swritch hook. 
Systems Operating on Separate Circuits. — Many of the 
later methods of applying centralized energy direct to the sta- 
tion transmitters operate by employing a separate power circuit, 
making four wires in all to and from each subscriber's appa- 
ratus. Two of these wires are the line connections of the 
talking current ; the other two bridged connections to a common, 
or street, power circuit. 

Dynamo Circuit and Thermopile. — One brilliant device, 
invented by Mr. W. W. Dean, is to include the subscriber's 
transmitter and primary winding of the induction coil in a per- 
manently closed circuit with a thermopile. The junctions 
between the plates of this pile are made, first on one side, then 
on the other, so that each alternate junction is approached to a 
resistance coil, each other alternate junction being in the opposite 
direction. The resistance coil is included in one side of the 
separate power circuit, so that when current is passed through 
it, it heats and generates current in the thermopile sufficient to 
operate the transmitter. The power circuit, like the talking 
circuit, is made by the rising of the switch-hook, a coQtact 
piece, insulated from the shank of the hook, being provided for 
that purpose, the insulation being intended to prevent the 
dynamo current from being shunted on to the line wires. 

Storage Cells and Condensers. — Mr. J. J. Carty has 

devised a method for energizing the transmitters direct by 
attaching the two sides of the power circuit in multiple to several 
low resistance storage cells at the exchange. This arrangement 
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may be understood by reference to Fig. 47. The transmitter 
circuit of each subscriber's station is then connected in muttipli 
to the power circuit, which arrangement may be understood by 
reference to Fig. 48, Z, Z, Z, Z, in this case representing 50 
subscribers' transmitters with the induction coil primary 
on bridges. The danger uf cross-talk in this arrangement is 
obviated by making the batteries of low resistance and the 
conductors as short and heavy as possible in comparison 
to the transmitter and primary circuits, so that the ffuctuations 
rrent produced in one apparatus will return direct to the 
e rather than leak across any of the other bridges. This 
arrangement renders all drops in potential inappreciable at the 
battery terminals. 

Series Feed Circuits. — There are two noteworthy systems 

of imparting energy for the transmitter from a series connection. 
I both of these the circuit of the transmitter and -primary 
winding forms a shunt circuit, its two terminals being connected 
to the wire, as may be understood by reference to Fig. 46, each 1 
Z, Z, Z, in this instance, representing subscribers' transmitter 
circuits through which the current pushes in series. Across the 
shunt circuits, however, and between the two terminals just 
mentioned is bridged, on the first system a storage cell, on tlie 
second a condenser, each also /// series with the power wire. 
Consequently when the transmitters are operated by the voice, 
sufficient additional energy may be derived from the storage 
cells, in the first instance, for distinct transmission. In the 
second instance, the current fluctuations produced in the trans- 
mitter vary the potential of the charge in the condenser, around 
which it is shunted, and gives the full effect of an alternating 
current on the primary winding of the induction coil. Such 
alternation is then said to be "superimposed " upon the direct 
dynamo current always flowing through the feed circuit and 
transmitters. In the latter system an impedance coil is inter- | 
posed between each pole of the dynamo and the terminal of the I 
line power circuit. 




CHAPTER SEVENTEEN. 
PARTY LINES AND SELECTIVE SIGNALS. 



Party Lines or Common Circuits. — In all of the sys- 
tems we have considered heret-ofore, the apparatus of each sub- 
scriber is connected to the central exchange by its own circuit. 
There is, however, another method frequently adopted in 
systems where there is but little business in proportion to the 
length of the line, and it is, briefly, the connection of a number 
of subscribers' station apparatus on one circuit, so that all have 
a common drop and jack on the exchange switchboard. This 
is called the "party line" or common circuit system, and it is 
also available for small private telephone systems, connecting a 
number of neighboring houses with one another or with stores 
or places of business. 

The Sorifls and bridging Systems. — In the parly line 
system of telephones, as in the case of electric light, power and 
uther circuits, there are two general methods of connecting the 
different stations. They are connected either in series or .in 
multiple. The latter method is better known in telephony, in ■ 
its simplest application, as the " bridging bell " system. 

The Series Method of Wiring. — The series method of 



connectmg a numli 
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r of telephones upon a party line is shown 
.s may be seen, one side of the line extends 
o the next, and passing through the coil of 
ch — -the bell circuits being closed so long 
ig on the switch hook, as we have seen^ 
■ binding post at ihe top of the generator 
L station. The other side of 
the line extends from the right-hand binding post of the right- 
ind instrument back to the left-hand binding post of the left- 
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The Wiring of a Series Apparatus.- 

ies circuit parly line station telephone apparatus i; 

^ the same as that of the ordinary exchange circuit apparatus, 

may be seen by reference to Fig. 177. As in the latter instrii- 

jbent, the hook makes two contacts w 
naking the talking circuit, 

fend but one when the hook is 

down, thus making the calling cir- 

In calling in a series system a 
special code is used, by which each 
telephoner rings out an agreed 
signal to call each other one. Such 
signals are generally mere indica- 
tions of the numbers of the other 
operators' apparatus, and may be 
given by turning the crank of the 
generator with alternate pauses in- 
stead of continuously, as in the 
case of the subscriber who desires 
to call up the central station, as 
we have seen. 
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Series System. — As may be readily 

objection to the series system of party 
ch conversation must be carried on by 
lugh the call bell coils of every other 
Such an arrangement is bound to 
roportion to the number of apparatus 
reason the bell magnets*have usually 
lower resistance than in the ordinary 
mes as low as 80 ohms, just about the 
coils, for each double-pole wind- 

rrent, while it may pass through a 
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number of such coils and stjll remain at hearing intensity, i 
not sufficiently strong to energize the bell magnets. Thus 
although the high potency currents from the magnelo-generaiori 
can readily ring through the combined resistance of fifty in 
ments (4,000 ohms), the talking current at that figure becomes 
so faint, through the combined effects of line resistance, i 
dence, induction and general leakage, that it is extremely 
unsatisfactory, not to say impracticable. Such troubles maybe 
partially overcome by frequently transposing the line; 
example, connecting Station I to Station IV, and Station 
Station V, etc., instead of connecting in succession, as ir 
cut, or else by connecting stations alternately to either side p( 
the line. Even with this arrangement balance cannot ht 
maintained, and the talking qualities are only partially 
improved. 

Magneto-generatora for Series Circuits. — As it is often 
necessary to ring through as high a resistance as 4,000 ohms, 
combined with line resistance, on such a line as is mentioned 
above, it follows that the generators of a series telephone cir<juit 
must be of high electromotive force, sometimes reaching si 
great a strength as to ring through 15,000 ohms, or aboul 
four times the power of the ordinary exchange instrument. 

The Bridging Bell System. — With a view to overcoming 

the serious difficulties thus mentioned, another system of string- 
ing a telephone party line has been introduced within a few 
years. On this plan the several telephone apparatus are strung 
in parallel or multiple, as shown in Fig. 178, which shows ihe 
arrangement for a metallic circuit line having tour stations. 
a grounded circuit the ground connections are made direct from 
the right-hand top binding post of each instrument, which i 
this diagranv is shown to be connected to the return wire. The 
ground connection shown at the center binding post of each 
apparatus is for protection against lightning and electrical 
disturbances, or else, as in some s^^^-ewi, vu a.ftut&, vW ■ntti^s'sarx 
ffround connection for sonie &c\\emc ol sc\cc\:\-je- ■i\^tva!C\.TO^. 
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The Carty Bridging System. — The bridging system whklil 
was originated and patented by Mr. J. J. Carty, of the Metro- 
politan Telephone Co., New York, is, in many respects, the 
< opposite of the series, and certainl}- overcomes most of its 
gravest faults. The first advantage is. found in the fact that 
the telephone current does not pass through the coils of the 
several bell magnets, as in the former case, and these are wound 
to a very high resistance, a large number of turns and long 
bobbins, so as to effectually prevent the shunting or short 
circuiting of the current before it reaches the apparatus to which 
it is destined. In short it may be said that the whole theorv 
of the bridging telephone system may be summed in the principle 
that a current will always follow the line of least resistance or 
of greatest ease in making a circuit. This principle is applied 
in the interior arrangement of the apparatus as well as in the 
strinq-inc: of the line. 

Circuits of a Bridged Telephone. — Fig. 179 shows the 
circuits of a bridged telephone apparatus. As may be seen, 
the rising of the luu^k on the removal of the receiver while 
it makes the circuit of the transmitter and receiver, does not 
break that of the bell and generator, which are left permanently 
bridged across the talking circuit. For this reason the switch 
lever makes no lower ct^ntacts. Two possible paths are thus 
presented to the telephone current: (a) that leading through 
the bell magnets to line, or (/') that leading direct to line. It 
chooses the latter path, as being the line of least resistance. 
Similarly a current on the line will enter an apparatus in which 
the telephone circuit is made, and will avoid the path leading 
through the coils of the bell magnets, which are bridged across. 

Wiring of a Bridged Line. — As may be seen from a brief 
examination of Fig. 17S, a complete circuit may be formed 
between any two apparatus in the system without reference to 
any of the others. Thus, if the telephoner at the second 
station is conversing with the one at the third, the current 
passes out from the right-hand binding post of his apparatus, 
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rough the line wire, into the apparatus of Number 3, through 
fe right-hand binding post, through his talking circuit, out of 
i apparatus by the left-hand binding post, to the return side 
the line, and thence back to apparatus Number 2, through 
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.Ithough a heavier 
n ordinary coils, 
purpose of wind- 
: iron in the magnet and 
Coils so constructed, 
frequency currents from 
Sectual blockades against the high 
frequency currents of the talking circuit. As has been calcu- 
lated, the impedance of the bell magnet coils is about four 
times its ohmic, or true, resistance during the passage of the 



telephonic currcnL The question of liigFi reiardalioc isd 
KTcalcr importance than mere resistance in the coil wire, 
the use of finer wire, or some highly resistant nielaj, 5uchl 
(icrman silver, while giviiid! ihc same or a hijj-her degree of n 
ance, is not so good a practice as using a coarser wire 
latter pniclicc secures the required length for the magnet cotbB 
without undue increase in the resistance, while the former would | 
only impede the path o( any hut the most powerful tjpco! 
magnclo-gcnerator current, if there should be an attempt togin I 
the usual length to the magnet cores. 




The Generators of Bridged Telephones. — The genera* 

tors of bridging tflephones are constructed with the express vie* 
1 large quantity of current, a high amperage, so 



to ring the bel 
They must also be con; 
through the combined r 
are usually wound to a 
i, & S. wire, which j 
(or ordinary bridged Ur 



>st remote apparatus on the line, 
ted to give a high voltage to work 
ance of all the coils. The armatures ( 
of about 350 ohms, with No, , 

about the right current strength . 

Some manufacturers have sought | 
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^ strengthen the current producing; capacity of the generators 
increasing the number of the magnets to four or five, thus 
ping a longer field and allowiiij; the winding of more wire on 
S armature — giving a greater- number of "ampere turns" — 
a consequent augmented E M F". When, however, th€ 
Sdging circuit is connected to a central exchange, and some 
1 of selective signaling is there installed for calling up the 
sired station, the generators of the separate apparatus are 
und to furnish a low E M F, which will be effectually barred 
bell magnets, while amply sufficient to operate the 
Kitchboard drop, or signal, as in ordinary single-station 
e circuits. Another method of accomplishing the same 
to wind the station magnetos so as to generate direct 
fctead of alternating currents, which, while readily operating 
: bridged drop of the exchange switchboard, cannot energize 
• polarized bell magnets wound for alternating currents. 

Induction Colla Low Wound. — On the other hand, it is 
y essential in any apparatus intended for a bridging circuit 
lat the induction coil secondary should be wound to as low a 
istance as Is consistent with good transmission. Otherwise, 
1 particularly when the resistance of the secondary winding 
S"as high as 500 to 800 ohms, it happens that the talking current 
will seek a path through the bell magnet coils as quickly as 
through the induction coil secondary and the receiver. 

Independent Bridging Systems.— The Carty patent, cov- 
ering a system of apparatus wiring best adapted for use in 
bridging circuits, is the one under which racst manufacturers of " 
such telephones operate. As, however, it does not cover the 
method of stringing an inter-communicating line in multiple, 
others have devised systems of their own which accomplish the 
same ends without infringing. Fig. iSi shows a circuit diagram 
of the Ericsson bridging or multiple-wiring system. As may be 
seen at a glance, it differs considerably from the Carty wiring, 
already shown. When the hook is \n vVie \o\vete.6. ^o'i\v\.'awM.^\*i.*t^ 
the weight of i/ie receiver, the circuit ot X'cic \ia\\ v^ ■w^^^'^ ^"^ ■^**- 
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end contact of the switch hook lever. When it is allowed lo 
rise, on the removal of the receiver, it makes two contact 
shown, thus closing the talking circuit. The principal differ- 
ences between the Carty and Ericsson wiring are, therefore; 
(a) the bell magnets of the communicating apparatus are nc[ 
bridged across the line when the talking circuit is made, and 
the neglect to return the receiver tg 
the hook at the close of the conversa- 
tion would prevent the ringing of 
the signal; % the svwitch lever has 
both upper and lower contacts, as 
in all other types of apparatus; (t) 
the bell coils of the two comraunical- 
ing telephones being cut out of line, 
all "leakage" of current is limited 
lo the apparatus not so connected, 
and all unnecessary resistance is dis- 
pensed with. The Ericsson Companr 
claims this latter feature as the great- 
est advantage of the system. They. 
however, follow the general practice 
of high winding and long cores (or 
the bell magnets, frequently using a 
resistance as high as i,6oo ohms, 
which still further decreases the tendency of the telephone 
current to "leak," and, as they claim, secures the best pos»ble 
talking service. 

Selective Signals. — The greatest possible disadvantage of 
all party line telephone systems is that the act of " ringing up" 
one station, even by an agreed code signal, rings the bells at 
every other, thus constantly annoying every party on the line, 
making possible frequent mistakes and consequent confusion, 
and, worst of all, allowing every conversation to be "listened 
in " by any meddlesome fellow with an apparatus in his house 
or place of business. Such facts have led numerous inventors 
to 4ev)se schemes ior "selective signaling," as it is caUed, by 
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li a signal intended (or any particular apparatus will be 
by its bell only; and also methods of "locking out,'* 
hereby the act of making the telephone circuit between any 
two apparatus energizes conveniently placed relays in every 
other, thus cutting the other apparatus out of line. While it is 
not within the province of this book to enter into the details of 
the numerous ingenious and complicated devices for accom- 
plishing the end of selective signals, it will bs possible to 
indicate briefly the general varieties of such machines. These 
fall under three general heads — those working on the "step- 
by-step" principle; those working by the use of harmonic reeds; 
those working on the principle of varying " strength ■ and 
polarity " of bell magnets and calling generators. 

The Step-by-step Principle. — The first of these, the step- 
by-step signal system, is at once the most practical and most 
familiar in its operation. It is constructed on the same general 
principle as is applied in the dial, or needle telegraph, and in 
the ordinary stock quotation and news "tickers." This principle 
consists, briefly, in transmitting a current, controlled by a 
regularly graduated make-and-break device, which operates 
relays at the various stations on the line. The transmitting 
instrument is generally a dial divided into a number of points, 
each corresponding, as in the "stock ticker, "to some particular 
letter or figure. Ilach such point, moreover, is a " make," while 
the spaces between them are "breaks." By moving the key, 
pivoted at the center of the dial, over a given space, say from 
A to Af, one makes and breaks the circuit as many limes as 
: points and spaces between, thus sending precisely the 
y the line as there are make 



same number of dhliiicl impulses a 
points passed over before reachir 
These several impulses operate the 
exactly the same number of time; 
lever attached to the armature of e 
escapement, such as is used wit! 
operate a needle on a lettered dia 



the desired point, say M. 
■elays at the several stations 
and by virtue of a pivoted 
;h, ivorks a ratchet wheel or 
clock pendulums, so as to 
or a wheel bearing printing 
types on its periphery. On bringing the above-mentioned 
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transmining key to the point desired, say ^, the needle of ilie 
dial rests, or the mechanism of the "ticker" causes that partic- 
ular letter to be impressed on the paper strip, which then movej 
one point ahead for another impression. 

Step-by-step Signals. — The application of this principle 
to telephone party line circuits, while, seemingly, requiring 
much more complicated devices than those described, may If 
briefly staled as follows: The "make" points on the transmi 
ting instrument correspond, not to letters or figures, but each 
to some particular apparatus in the circuit. Thus, if tliei 
eight apparatus in the line, the first corresponds to the 
point, the second to the second, and so on to the eighth. 
Moreover, the toothed wheels at each station are so arranged liy 
insulation of every point except the one corresponding to its 
proper number, say, one, two, three and so on, that its call belli 
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printed. On the same principle the bell of apparatus I 
can be operated only when the relay and ratchet has brought 
the signal controller to point r; similarly with all other appa- 
ratus. If, therefore, a telephoner wishes to call up Station 
he moves his circuit-controlling key to the 3-point, and thi 
sends out the ringing current, with the effect of calling Station 
and no other on the line. The other call bells are effectuall; 
locked out by virtue of the insulated contacts at all points \ 
that corresponding to their own numbers. 

The Transmission of Harmonic Waves. — The harirn 
system of selective signaling is based upon the same principles 
which we have already seen applied in Prof. Bell's first experi' 
mental telephone and other contrivances for the transmission ot 
musical sounds. The calling current consists of waves of dif- 
ferent length and frequency, according as it is started by the 
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vibrations of a circuit-cutting reed or rod at the calling station. 
Furthermore, the making of the calling circuit at each appa- 
ratus depends upon the reception of a current of the righl 
degree of frequency and wave length to affect a circuit-cutting 
reed or rod, similar to the one vibrated at the calling station. 
Such receiving reed or rod at each instrument differs in these 
respects from the one at every other station. The idea maybe 
briefly expressed by saying that each apparatus has its osrn 
note — the rate of vibration of its reed — which must be sounded 
at the calling station before the current can ring the bell of thai 
apparatus. Thus if a party line circuit be operated by har- 
monic signals, and be not connected to a central station, each 
apparatus must be equipped with its own receiving reed and 
also with some device for shortening and lengthening the vibra- 
tions of the calling reed mechanism. Most selective signal 
with reference to 
fhere suitable sig- 
om ■any one of ihe 
railing mechanism 



party line circuits, however, are constructed 
the connection of the line to a central office, i 
nals may be operated by the calling current f: 
apparatus on the circuit, and the complicated 
may be operated to the best advantage. 

The Pendulum Signal. — One of the simplest and most 



gnaling devices of the 
description is the Stephen vibrating pendu 



used 

described as folio 
length, different a 
rate of vibration, 
standing at right 
The penduli 



im sysl 
It 



hed a 

i to the 

rod itself carries 

brating by : 



which has 

)e briefly 

1 of fixed 

oportionate 



ixlent m England. It may 
In each station is a pendulur 
, and having a pn 
/e its pivot is a fork or hook 
length of the pendulum rod. 
the armature of an electro- 
iny calling current that may 
enter the apparatus. The fork or hook abjve meniior; 
such a length that, when the pendulum is actuated by a current 
of the right wave length and frequency, and vibrates accord- ] 
ingly, it will release a hooked lever arranged at the righi I 
inCerva] and thus make the cucu\t o^ \\\fc ta.\\ ^niK-i 'q'j \o^«a.kint | 
its normal or resting connectvons. T\\\?. tvotto^X ^j^a^vMvMi."* 
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lEtored by a double-pole relay, which acts on another lever, sc 

panged as to renew the first connections under impulse of f 

im "central," when the conversation is con^ 

faded. The principal point of the selective signaling in thi; 

ralus is llie length of the fork or hook at the upper end ol 

lendulum rod, which, with the relative position of the level 

by it, differs in every station apparatus on the 



The Metronnme Transmitter. — The apparatus used to 
call from "central," or from any calling station, con- 
if an instrument resembling the melronoiKe used by 
ir beating out the lime required for any musical 
composition — a rod which, moved by clockwork, vibrates slowly 
or rapidly as a weight is slid up or down to one or another of the 
graduated positions in its length, thus shortening or lengthening 
the rate of vibrations. With such an instrument to control the 
undulations of the current — being used as a rheotome — the 
selective signal may be readily transmitted according to the 
position of the weight on the indicated marks corresponding to 
the rate of vibration for one or another station' apparatus. 
Such a method of signaling, while simple in theory and per- 
fectly practical, is open to grave objections on the ground of 
the inevitable delay in making connections on the line., 

■ Signaling by Current Strength or Polarity. — The third 
head under which party line selective signal apparatus are 
grouped is that of varying the strength and polarity of the 
generators and bell magnets at the several stations. A number 
of highly elaborate systems have been devised to apply this 
principle to party lines of from three to eight stations on a single 
circuit, the calling impulses in every case being sent from a 
central office switchboard, where suitable ringing switches are 
arranged. In all these systems the feature of bell magnets, so 
polarized as to operate in obedience to a current coming from 
one direction and remain iirespon^we \.o owe tow;\wife '■■^'^'»- 

s prominent, the prmc'ipaV pomt^ o^, 6;vNfcX^e.^ct >at\s\t 



A B C OF THE TELEPHONE. 



% 


- \ 


% 


- •*-' 


! 
i 


I lUJI 




\f, donneeled to the borty side ot line, and ihe leri-haiid post lo Ihe lip side of line. The 

with commutalom. so iiTriineed thHt they will fnrnish bolh the alternaling and stniglit 
currents wilh a Rroundlus.ixiiiit, which must be connected wilh a good ground. 

he thrown from the generator to any reguliir tinging and listening key on the board, ll 
liand generator only is used lor opernting this system, the positive and negative bnislies 
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D the means employed to apply this scheme more readily, or to 
iry the number of possible combinations of circuits and polar- 
feed magnets. 

A Two-limb, Three-circuit Signal.— Most of the later 
roplications of the principle contain some variation of the idea 
ntroduced with the Sabin and Hampton three-station 
Jystem of making three distinct circuits with the two limbs of a 
■ngle metallic line, consisting of a line wire and a return wire, 
lust be now understood by the reader. This idea is, briefly, 
(o place the call bell magnet of the first station in a "bridge" 
between the line and return wires; to attach one side of the bell 
circuit of the second station to the line wire and the other to 
ground ; and to attach one side of the third station to the return 
wire and the other to ground. To operate the signals on this 
system il is necessary that there be three separate generators at 
the central station, each one being connected to the wires in 
precisely the same fashion as are the call bell magnets. Thus 
the current from one goes out on the line wire and returns on 
the return wire; that from the second goes out on the line wire 
and returns by earth connection ; that from the third goes out 
on the return wire and returns by earth connection. As will be 
obvious on reflection, a current sent from any one of the three 
generators completes ils circuit through the instrument it is 
intended to affect, and through no other. 

kSIx Signal Circuits to Two Wires. — A further elaboration 
i this system may be obtained by stringing six bells instead of 
hree, two on every circuit just described, by alternating the 
polarity of the bells and generators. Thus there may be two 
call bell magnets at separate stations, each bridged between the 
line wire and the return wire, but one of them must be so 
■ polarized as to respond only when a positive current comes on 
^Wie tine wire and a negative on the return wire; the other, so 
^Kb to respond only when a negative current comes on the line 
^Bcire and a positive on the return wire. Similarly, also, the 
^Kt>unded circuits on each limb maybe duplicated by making 
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one magnet of each pair to respond only when a positive ci 
■ comes from earth and a negative from the wire. To accom- 
phsh the result of selective signaling in both cases it is neeessaiy 
I to have either six generators, properly polarized, or some 
method of changing the circuit connections from one side of ihe 
line to the other, so as to send a positive or a negative curreni 
by the desired route. Thus a simple three-circuit arrangemeni 
may become a true polarity method of signaling. Such an 
arrangement might operate to advantage on a short line. 




riiphic 



The Principle of Quadruplex Telegraphy. — In addition 

to this feature some systems also embody llie idea which is basal 
in quadruplex telegraphy — the introduction of relays which 
respond only to current of given strength and are indifferent lo 
iis polarity. In telegraphy this principle is applied by having a 
"polarized relay " and a " neutral " or current strength relay at 
every station, each relay being operated by a separate key in 
transmitting oflice. Thus, as may be understood on reflect 
this arrangement admits not only of selective signaling, but also 
of four messages being transmitted at one time over 
grounded circuit, two in one direction and two in the other, the 
strength of the curreni and its polarity being the important 
siderations in each case. 
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The Merits of Select! 

matter of selective signals \ 
to quote from Herbert L 
Handbook." He says: " 
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can do no better than 
excellent "Telephone 

nrs have turned their 



are extremely complicated, almost II 
of them are inoperative, and no 
has come into general use." 

In view of the more recent devel 
opments in telephony, this statement 
must seem increasingly true. As 
most parly line circuits cover no great 
length of wire, except in the case of 
some toll systems entering city ex- 
changes from the outlying villages, 
where it is more economical to string 
all apparatus on a single circuit, the 
adoption of elaborate systems of 
selective signaling seems almost a 
waste of money and pains, a doubt- 
ful way of saving the expense of 
separate line circuits for each station. 

Toll Lines.— The term, " toll line 
trunking line between exchanges, which may have s. 
private telephones bridged in its length, or where a party line 
telephone circuit has its terminals in a central exchange switch- 
board. This designation is said to be derived from the fact that 
each separate telephoner on the circuit ia chat^e.'i ^.^-c. ■ 




to designate a 
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occasion on which he uses the line, just as formerly persons 
driving on country roads paid a designated fee, at the various 
toll gates they might pass, for the maintenance and repair of the 
highway. Also, where the term is applied to a trunking line, as 
stated above, it is proper from the fact that such lines frequently 
leading to exchanges conducted by other companies involve an 
additional ** toll ", or charge, to the subscribers using them. 

Toll Boards. — On the other hand, on account of the 
exposure of such lines to interference from lightning and other 
weather disturbances ; on account of the fact that they are 
liable to leakage in proportion to their length and the number 
of apparatus bridged on the circuit; and because of the difficulty 
of properly adjusting the circuit arrangements, when required, 
so as to connect a grounded line to a metallic, it is necessary to 
use specially constructed switchboards and employ skilled 
operators. Toll boards differ from others in having fewer 
drops — generally no more than ten to a position — including 
devices for switching repeating coils and other necessary devices 
into circuit, when needed, and in having arrangements for 
making such selective or code signals as may be in use to call 
the various telephoners on the line. Several telephone manu- 
facturers have given particular attention to this branch of 
exchange work, with the result that any company desiring to 
install toll-line appliances has a wide variety from which to 
select. One of the most complete and practical of these devices 
is shown in Fig. 185, which represents a combination switch- 
board for local exchanges and toll lines, manufactured by the 
Western Telephone Construction Co., of Chicago. 
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CHAPTIiR lilGHTEEN. 

PRIVATE TELEPHONE LINES AND INTERCOMMUNICATING 
SYSTEMS; COMMON RETURN CIRCUITS. 

Common Return Intercom 

general plan of wiring a numbi 

that each one has its own wire, ft 

and any other by using a common 

is adapted primarily to the nee 

houses having a number of separate i 

small domestic systems. Such small systems require no central 

office nor any scheme of selective signaling. Moreover, the 

danger of being "listened in " is reduced to a minimum, if not 

rendered impossible; and the expense and trouble of caring for 

the apparatus is similarly reduced by using a common callir.g 

battery. 

Signal Devices for Common Return Circuits. — In most 
of the recent schemes for stringing intercommunicating tele- 
phone lines every station is, in fact, both "central" and 
receiving station. That is to say, means are provided in each 
apparatus for as readily calling any other station as exist in an 
exchange, and in the point of receiving there is no further 
trouble necessary than to answer when the signal rings. This 
end is attained by some form of switch which at any apparatus 
can connect the common return wire into circuit with the 
terminal of the desired station at that same apparatus. Such 
sxvitching is accomplished either by plugging a jack, as in 
exchange switchboards, or by making the required connections 
by some form of sliding contact lever key. Both varieties of 
switch operate by making contact between a leaf spring, such 
as is used in switchboard jacks, or else between the lever of a 
pivoted key connecting to the common return wire and any one 
of a number of anvils or contact points which is the terminal 
of some station line or other. 
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Plug and Switch Key Signals. — Figs. 186 and 187 repre- 
sent two instruments nl' similar appearance and construction, 
one furnished wiLli plug bourd switch, the other with an ordinary 
keyboard. The latter is manufactured by the Connecticut Tele- 




phone and Electric Co., and tlie former, by the Western Tell 
phone Construction Co. They are intended for circuits uan 
a common calling battery and individual station talkin 
batteries. The proper wiring connections are indicated beneai 
the binding posts at the base of the backboard in Fig. 187, 
most plug board telephone sets the plug cord is a conductor I 
connect that particular station 'i^Vo eutxiA VvXii li-n^ t.'vhM.ts.U.iM 
jn others it is merely a conventionaX dc^\ic \iv\.tu4.^ei, -wa ^a 
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^^Hsh the same result by pressing a lee 



I spring against its anvil, 



Wiring of a Common Battery Circuit. — The proper wiring 
inections for a three-station common signal battery system is 
■wn in Fig. 189. At the left of the figure is an ordinary 
standard desk "phone" with the tine wires connected to a suit- 
able "terminal block," which also contains the induction coil. 
The switch keyboard is on a separate piece, as must be the case 
witli desk apparatus of this type. The second station is 
equipped with a similar desk set, although only the wiring 




with the base of the apparatus are shown, and, 
uniike the one at the first station, the induction coil is enclosed 
in the base, to which the local talking battery is also connected. 
The wall set in the third station is one of the kind already 
depicted. The connections are merely indicated, and the switch 
may be of either the plug or keyboard type. As may be seen, 
the connections of each talking circuit have the "common 
battery wire" as one limb with any one of the three station 
wires, while the calling circuit includes both the former and the 
"common return wire." The talking battery of any station 
may spend along this "common battery wire," because the 
calling battery itself is then on "open circuit" and emits no 
current. 

Fig. i<jo liiusirates the wiring conneclAon's ^qt mv Q^Kvcvax-^ 
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standard desk set with talking battery, magneto-generator and 
extension or wall bell. Such a system is adapted, first place, 
for a full metallic line, and when arranged in an intercommuni- 
cating system with a common ringing battery the terminals, 
here shown as connected to the ringer generator, are connected 
to the station line wire and common return wire, respectively, as 
indicated in Fig. 189. 

Wiringof an Individual Battery'Clrcult. — As we have seen, 
all individual line intercommunicating systems have a common 
return wire which may complete the circuit between any two 
of them with the wire belonging to the called station as the othei' 
limb. On a system including three stations, therefore, there 
would be four wives, as in Fig, 191. This figure shows a series 
of apparatus, each equipped with its own magneto-generator 
and transmitter battery. On systems containing a common 
calling battery, as in Fig. 189, such a three-station line must be 
equipped with five wires, or two more than the number of 
stations. If now the telephoner at station r on the former 
diagram wishes to call up station 3, he moves the switch lever of 
his apparatus to the contact point numbered 3 on his dial, thus 
bringing wire number 3 into circuit with his apparatus and the 
common return. If his apparatus is equipped with a magneto 
the calling circuit is thus made from his station, along wire 3 to 
line 3, into apparatus 3, where it rings the bell signal, out of 
apparatus 3 to the common return wire, and thence back to 
apparatus i. The talking current follows the same path as soon 
as the switch hook is raised, as is the case in central exchange 
apparatus. If, on the other hand, the line be of the common 
calling battery type, the operation is as follows: Telephoner 
number i moves his switch lever to contact point 3, thus closing 
a circuit with apparatus 3, and in order to send out a calling 
signal depresses a button at his apparatus, thus causing a current 
to move from the common battery along the (ommgn battery K-irt 
until it reaches the wire leading into apparatus 1. Entering 
there it passes through the apparatus to its connection with 
wire 3 out upon line 3 to apparatus 3, which it enters, 1 
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5 bell to ring, and, having passed through the magnet coils, 

j on the common return teire, whence it moves to the 

bposite pole of the battery. The raising of the receiver hook 

ach station closes the talking circait, which, as we have seen, 

5 the common battery wire for its return limb on the system of 

ing shown in Fig. 189. 

Ericston Intercommunicating Systam. — Such a five- 

Bre three-party system is shown in greater detail in Fig. 191, 

hich illustrates a system using an Ericsson microtelephone set 

i Stations 1 and 3 and an ordinary wall -apparatus, with switch 

pachment, at station z. Here the three individual wires are 

red L\ L', L' asd the ringing battery and common return 

Eires, RB and C R, respectively. The apparatus connections 



and the wues 

telephone circu 
furnished with 
ordinary type, 1 



Tibered 



i of the 



depr* 



, 3, 4, at stations r am 
lown in connection with the diagram 
; in Fig. 130. The apparatus at si 
. switch hook, and is in all respects 
cept that it has no magneto-generator. The 
ling signals from all stations are sent out by merely placing 
switch lever on the required contact point and then 
ssing the push button, P. Thus if station 1 \i,'ishes to 
I up station 3, he places the switch lever on point 3 and 
isses the push button, P, of this apparatus, with the 
result of making the circuit of the calling battery along the 
wire. R B, to the branch wire leading into station i ; through 
that apparatus to the switch lever, to point 3, to line wire 3, to 
apparatus 3, where it enters and rings the bell; passing out of 
apparatus ,5 from the other side of the bell magnet to wire i of 
ihe microtelephone, thence as shown in Fig. 130 of the circuits 
of such an instrument to wire 2, and thence by the common 
return wire, C R, to the opposite pole of the ringing battery. 

When the circuit is arranged to include an individual ring- 
ing battery or magneto-generator at each station, it is placed at 
the point, R B oi each apparatus, and the line connection is 
made with the common return wire, C R/wsVta.i. ci\ ■0^*; ringer 
M/z^ry wire. J? B, which is then oTO\X\.eA, Xc^m'w?, '^ Vq^w:-^-* 
i/ifige-partj^ircu i [. as in Fig. igi. •WVveAv \\. \^ Atsv^'^ft- ^ '^'" j 
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common battery (or both talking and signaling, the wires, T B. 
and R H, may be connected, thus joining the local transmitter 
circuits direct to the battery when the switch key, /", is in its 
normal position. 

Device to Insure Ringing of Signals. ^According to the 
wiring of this system, every bell is connected, as shown, with 
the line wire of that station, so that a calling current coming 
along its wire, i', Z° or /\ finds a path directly through the coils 
of the bell magnets and out to line, the position of the switch 
lever on any one or other contact point being a matter of indif- 
ference so long as the talking circuit is broken and the push 
button lever, J', is in the raised position, as shown. Thus is 
avoided the complication found in some of the earlier inter- 
communicating systems, the necessity of returning the switch 
lever to the home point after a conversation, a duty that must 
be frequently neglected through carelessness or preoccupation. 
Thus the call bell of each station is bridged across the circuit 
between its proper wire and the common return, so long as the 
individual talking circuit is not made. The making of thaL 
circuit, either by the rising of the switch hook or the act of 
pressing the lever shown on the shank of the microteiephone 
instrument, switches out the bell. On the other hand, the 
releasing of the lever of the hand microteiephone, or the hang- 
ing-up of the receiver places the bell once more in circuit, ready 
to be rung by another call coming from some other station, no 
matter on what point the switch lever may be left. The advan- 
tages of such an arrangement may be readily understood, when 
it is remembered that one of the most serious problems of early 
iniercommuuicating systems was, how to insure the restoring 
of the lever to the home point after each conversation. 

Tlie Ness Automatic Switch Hook. — The difficulties 
involved in a neglect to return the switch contact lever to the 
home point after a conversation has been overcome in a different 
manner by other inventors and manufacturers, whose plan is, in 
brief, to provide a device for automalicaV\"5 a.t(LCrtu^\^i\vc>% "^^n^ 
e of the most lypicaV awA e'x.ceWfcTvV "^V "?Sg^^ 
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utomatic hook switch manufactured by the Holtzer-Cabot 
B., of Boston, Mass. Fig. 195 shows a wall apparatus for a 
jn-station line equipped with this device, and a magneto 
fererator. In other points there is no departure from the 
Ipneral type of switching telephones, except for the fact that a 
bp piece for the lever is provided in Ness instruments at the 
of the semi-circular row of contact points. This is an 
Eential part of the contrivance, and is intended to hold the 
r at the home poini when it has automatically sprung bad:. 




I.l.on« 



Mechanism qf the Ness Hook. — The mechanism of the 
Ness switch hook is shown in i'"ig. 193. Here S is the leverjust 
mentioned, which is normally held in contact with the home 
point, or right hand contact, on the outside of the door of the 
Itox, This right-hand contact connects with line wire i in 
station I, with line wire 3 in station 2, etc., the order of the 
points being varied for every station, (See Fig. 194-) If, now, 
for example, station i desires to call up station 8, he moves the 
switch lever to point 8, as in any other type of switch, being 
ihen ready to send out the calling signal. The act of rotating 
the switch lever turns the ratchet vi\\e.e\, R, wVixtV '\^ VA^'w. 
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position at the desired point by r 
reinforced by a spiral spring/ a 
lever, S, to point 8, the telephone 



:ans of the pawl, P, which is 
shown. Having moved the 
at station i has his apparatus 



in position to send out the calling signal current, which he 
does by pressing the tip of the lever into contact with the semi- 
circular metal strip shown in Fig. 195 below the row of 
contact buttons. This act accomplishes the closing of the 
common battery circuit, as in other systems of intercommuni- 




l for the magneto 



Operation of the Ness System. — Immediately after send- 
ing out the calling signal, the telephoner at station t removes 
his receiver from the hook, which then rises, making the circuit 
of the talking battery, as in any other type of apparatus. The 
conversation finished he again hangs \v\s xeeew«, a.^^ ■C^^.^^^«'**- 
is brought back to its lowered po'iMVon. "^Vw. stcx c^a.-^'^t-^ ■'^'* 
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t switcii handle iti fly back to its normal position over the hoin? 
I button by virtue of the mechanism indicated in the figi 
I follows: On the siiurt arm of the switch hook is pivoted iht 
I dog. D, which, when the receiver is rehung, engages a nolch in 
[ the pawl, P, and lifts it away from ihe ratchet wheel, R. A 
al spring held around the axle shaft of the ratchet wheel, R, 
f then acts, causing the ratchet wheel and the attached handle to 
I be restored to the first position. Mfanlime the dog, D, slips 




out of the notch on P, and allows it to fall into contact with the 
I ratchet in readiness fur the next call. In order, however, that 
I the pawl, P, may not engage the ratchet before the lever, S, has 
\ fully reached the normal position, a second dog, J, is placed, as 

shown, being pressed by a spring to a position under the pin, /, 
I carried on the pawl, and thus holding the pawl out of engage- 
[ ment until S has reached the home point. Then a cam on the 
I under side of the ratchet — it is not shown in the cut — pushes the 
I j3og, J, away from P, and allows the pawl to fall into engage- 
1 ihe ratchet. 



P mTETtCOMMUNICATTXC SYSTEMS. 25 

Wiring of the Ness Circuit. — The Ness switch is a very 
iplete and accurate device for achieving the end sought.! 
parts exposed to wear are made of the best hardened steel, 
t ensuring the utmost durabil'ity. Best of all, it redi 
iber of necessary acts on the telephoner's part to the lowest 
re, and leaves nothing dependent upon his memory or 
fulness. The full circuits of the Ness automatic system are 
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.0 plug i 



. four-Station 



3 may be s 



jfn in diagram in Fig. 194. Here 
■bon calling battery line, in which, 
rtheactof calling station i. The 
lame as in the common battery lines just described, being^ 
Uetely indicated at stations 1 and 4, and merely omitted 
Ithe drawing at 2 and 3. The wiring diagram also indi-J 
fthow that the pressure of the switch lever, S, on Ihe s 
r contact piece, .Z?, makes the calling circuit with any 
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■ station desired from the coinmoa battery, C 3, along the call 
[wire, as shown. 

Globe Seleetiva Hook Switch. — The idea of attaching 
|a self-restoring selective switch to the lever of the receiver hook 
; brillianl and in the highest degree practical, since it 
.-antage of a necessary act, that of removing or restoring 
I the receiver, to accomplish several results, Anotht 
this description is thi 
switch of the Globe TelephoM 
Manufacturing Co. It may be 
briefly described as follows: 
The hook lever is of the laog 
shank variety, pivoted at the 
end opposite the receiver hook. 
At a point midway on the 
shank is pivoted a vertical flat 
metal rod, carrying on eath 
side a number of lugs, each 
separated from the other by 
a gap or notch. Directly be- 
hind this vertical rod or slide. 
although not touching it, is 
another metal rod, or plate, 
loiof which forms one terminal of the 
common calling battery circuit. 
On either side of the slide 
i\ leaf springs, as many springs on each 
,t mentioned, and each of them forms 
ticular station line. Moreover, in the 
ng the switch hook, vertical slide and 
rows of holes, each one directly over 
While the receiver is -on the hook the 
I springs are directly opposite the gaps or notches; when it has 
[ been removed and the hook shank rises, they are opposite the 
I lugs. Now to call any desired station the telephoner inserts a 
' plug or pin in the corresponding hole, thus pressing the spring 



is fixed a numbc 
side as there are 
I the terminal of s 
I cover of the box 
I rows of springs, 
I some parliculi 



spring. 
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iZDehind it into contact wilh the battery terminal plate. This 
Kniakes the calling circuit in the same fashion as in the previously 
explained systems. He then removes his receiver from the hook, 
"«hus allowing the shank to rise and draw the vertical slide upward, 
-50 that the lugs are opposite the springs. On releasing the 
pressure on the spring plug, as just mentioned, the spring 
makes contact with the back of the lug opposite it, thus making 
electrical connection between the line it represents and the home 
apparatus. One advantage claimed tor this device is that, when 
in a factory, for example, the office wishes to call up any num- 
ber, or all of the apparatus in circuit, it is necessary only to 
plug several springs instead of one, and thus send out a ringing 
current to all at once, bringing all into telephone circuit by the 
act of removing the receiver. On restoring the receiver to the 
hook the lever is again depressed; the notches again come 
opposite the springs, releasing any of them that may be in con- 
tact. The normal or resting position is thus automatically 
restored, and the apparatus is always ready to respond to a 
calling current from any other station. 

Switch Circuit*. — Any of the forms of switching device 
described above maybe used on the central station apparatus, 
as in a hotel office, to make the circuit with ordinary wall tele- 
phones in the several rooms. Thus if a switch be attached to 
the office apparatus only, and all the others be such "single 
point " sets, as is shown in Fig. 198, connection may be made 
by pressing the button on the wall set, which act operates the 
office signal. 




hand microlelephnne. 
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CHAPTER NINETEEN. 



PRIVATE TELEPHONE LINES AND INTERCOMMUNICAT- 
ING SYSTEMS; FULL METALLIC CIRCUITS. 



Full Metallic Circuits. — Many telephonists strongly urge 
the superiority of full metallic circuits in intercommunicating 
systems, short and long, both because that by this means perfect 
privacy may be maintained, and also because, particularly 
where there is a large number of instruments in the system, 
more than two of the number may be in telephonic communica- 
tion at the same time. Fig. zoi gives a diagram of such a full 
metallic circuit, common battery, iutercommunicating system, 
including four apparatus. The home line wires of each 
.station have their terminals at the left-hand side of each par- 
ticular apparatus and the battery wires al the right. The 
terminal points of the other three stations are conveniently 
arranged midway on the front of each box. The line thus' 
equipped illustrates the system of the Century Telephone 
Construction Co., one of whose instruments is shown in 
Fig. 20Z, As will be noticed, the switch lever makes a double 
contact at every station point — one with each button of the line 
to be called, by this means making circuit between both of its 
terminals and the station line. 

The Century Switch.— The lever is constructed with a 
balanced bearing, is double in form and makes a contact of 
sufficient weight to keep the points bright, thus insuring perfect 
electrical conduction. The internal wiring of the apparatus is 
such that, no matter at what point the lever is left, the station 
may be readily called by any other. The calling current is 
transmitted from the common battery, through the calling 
apparatus, to any desired station by pressing the button shown 
at the base of the box, as ?oon as the proper contacts Ka.■^>i.'ci^«^. 
'57 
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ade, thus 


bridging in the lines of the common battery. The 


liking circ 


uit is made in the usual manner on the removal of 


le receive 


from its hook. Apart from the principle of double 


annection 


and double contacts, the switching apparatus is 


rranged s 


ubstantially like any other of the sliding pattern 




adapted for use on single-wire common return systems. Fig. 
203, showing a standard desk apparatus, equipped with this 
form of signaling device, exhibits to good advantage the double 
construction and double contact of ihis switch lever, also show- 
ing its balanced working on the melaV lin^ "hvWvvti -Ccit -nyw^vA 
contact studs. 
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The Plummer-MonrDe Switch. — Another switching 
device adapted to the requirements of full metallic intercommuni- 
cating systems is the Pliimmer-Monroeswilch, whitli is supplied 
with some of the apparatus of the Ericsson Telephone Co. 
an ingenious adaptation of the principle of exchange switchboard 



3iwe^ 




ins relation of s] 






[jring jacks, with the difference that push buttons are ustd 
istead of cord plugs. Fig. zo6 shows a telephone apparatus 
quipped with the Plummcr-Monroe switch, in connection * 
: Ericsson receiver and transmitter already described, 
may be seen, ten lines are p 
vided for, but any required number 
may have their terminals it 
station apparatus by placing iIk 
push keys and spring jacks in super- 
posed tiers or rows, like the o 
shown in end view in Fig. 205, 

Fig. 104 gives a good general 
idea of the internal construclioo 







of this type of switching device 
Behind and at either 
"Vhow'ine dttai'is'of metal face plate may be seen ' 
shown pushed in, bpiHR held in iiiace post Connecting it to a cross slrip 
plate. or bridge piece, to which is secured 

a metal strip carrying ten leaf springs or contact fingers. BeIo« 
these, and normally insulated from them, is the same number of 
separate jack springs, each suVva.t.X-j i\(ii.c\i.«i4. 01 Writ,, like the 
springs ol switchboard )acks. ^^e^e it«i vVe. \vml \KOTiisj^ 
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Each push key carries on its further end a square piece or block 
as shown, so that when any key is pushed in, the corresponding 
notched spring is engaged and forced into electrical coniact with 
the contact finger immediately above it. A similar notched 
spring, in contact with the lower side of each such key block, is 
engaged in the same fashion, thus making circuit Cor both sides 
of that line with the home 
apparatus represented by the 
outside, upper and lower strips 
carrying the contact fingers 
just mentioned. Between the 
posts shown to the rear, and 
running parallel to the face 
plate, is to be seen a metal 
piece, which represents a strip 
or frame pivoted to the blocks 
to the left of number i and to 
right of number 10. This 



the "del 



: stnp," 




ofTictf is to engage a catch 
j ust forward of the square 
contact piece on each plunger, 
thus effectually holding it in 
position after it has been 
pushed into contact with the 
jack springs. Each plunger 
is normally held forward by *"'''■ "*„7ri'J^Tdi''piS°mmer !«"i?h^ "'''' 
a coiled spring behind it, 

which is within a suitable socket in the bridge piece, and elec- 
trically insulated from the Jack springs. Thus the act of pushing 
any button inward causes the detent strip to ride upward on a 
i-cmical portion of the plunger, just to the rear of the catch just 
mentioned, thus causing every engaged plunger to be released 
and be forced outward by its spring. A slight push on any 
button, moreover, may release an^ ^tv'Nati ^usVti ■^■<i-a>^-( 
without locking in that one, con5.ec\\ieu\.\-^ \fa.N\u% '^^ \'5!. ■<Si.^ 
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normal position. However, the internal wiring of the apparatus 
is such that a calling current may enter and ring the bell no 
matter what plunger is pushed inward. The first act of the 
lelephoner on receiving a call is to push the button corresponding 
to his station number and then to remove his receiver from the 
hook, thus making the talking circuit. The advantage of ihis 
device is its simplicity of construction and (he ease with which 
it may be operated. 



The Couch &. Sseley Switch. — Anothi 
at simila 
eii by th. 




.vitch of somf- 
It is manufdi' 
ouch & Seeley Co. of Boston, and differs from ihe 
h in the fact that the plug body of each plungei 
is conical, instead of square. Tlit 
detent strip for holding the plug 
in place after it has been pushed 
is swung on the bridge piece at ihc 
rear, instead of on the face pli 
There are two bus bars for the ringer 
generator, so that when the bvl 
is pressed in it connects the battery 
e signal. The construction of Mm 
^movat of the plungers and 
so that the back parts 



lo line and transmits the si 

switching device permits the 

lease levers with the face pi; 

springs may be readily reached for necessary repairs, or any of 

the plunger plugs may be removed separately. 






applica 
hotels 



ion of the full inctal- 
, where, as in sotnt 
:hange, or central sU- 
pparatus in the circuit, 
for connecting any 



Hotel Systei 

lie line telephone system 
factories, the main office is a. sort c 
tion, which may call or be called by 
although generally conlainin] 
two of them in telephonic communication. As the use of tele- 
phones in hotels is constantly increasing in popularity, and is 
ret-o^n'zed as the readiest method for enabling a guest to com- 
municate his wants lo the office, a^^v\cl woVvceoV ■bvi^^v a «,>i^«« 
is quite in place. Some hoie\s ave eqm^V'^i 
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of a push button to give the number 

ifiice annunciator, and a transmitting 

"make" points correspond each to 

om an extra blanket to the bill of 

narked dial in the office apprises the cJerk of 

t guest's desire. Such a system, however, while having the 

[ages of all amomalic signal devices, is only a little better 

fan the old-fashioned push call for the hell bov and is immeasu 

ply inferior to a good telephfine inslaiUtion 




Telephone System for Hotels. — Fig. 2\\ gives a diagram 
of a hotel telephone system, on full metallic circuits, wherein 
each separate room circuit terminates in such a combined needle 
annunciator and single-cord switchboard as is shown in Fig. 212. 
A separate wire supplies the energy from common calling ami 
talking batteries, the circuit of the former being made by push- 
ing the button shown at the b:ise of the apparatus both in the 



of the kind of tele- 
: of the 



diagram and in Fig. 209, which giv 
phone set mounted in the separate roon 
common talking battery, which, as a n 
show, must be separate from the other, : 
different return wire through the an 
is made in the usual way, when l\\e ^ue^t awi vVve. cVwV w vVt 
o/Hce have both removed their receWevs Itoto. \!ftfc Viti^-i. ^ 



leing connected to a 
iciator switchboard, 
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guest, therefore, desiring Co call up the office, pushes Ihe buttipn I 
at the base of the transmitter box of his apparatus, thus closing 1 
the circuit of the calling battery and causing the annunciator I 
needle corresponding to his room number to announce his call. I 
The clerk then inserts the plug in the jack similarly numbered. I 
thus establishing connection with the office "phone," and. bv- I 
removing his receiver from its hook, makes the talking cin 
between the two through the talking battery. The process 1 
be reversed, so as to enable the office to call any desired re 
by simpiy inserling the plug in the corresponding jack, and 
pushing a button to send out a current which rings the bell 




of the room apparatus. The annunciator switchboard shown. 
and also the diagram of wiring, illustrate the hotel system of 
the Century Telephone Construction Co., of Cleveland Ohio. 
The hotel office " phone," shown in Fig. 310, which, as maybe 
understood from the wiring diagram, lacks both the call bell 
and the calling push button, is Ihe type of apparatus suppllri 
by the Ericsson Telephone Co., of New York, and is furnished 
with their coal-gram transmitter, v*tv\o^'a\'j icsKvCotft., iK&i ^Sw 

polarized ring watch-rnse reee\' 

'-icsson. 



2bb 



.■ISC OF TJ-i£ TELEPHONE. 



Another type of hotel or factor}' office switchboard apparatus 
is that manufactured by the Western Telephone Construction Co.. 
of Chicago, and shown in Fig. 200. This is an ordinary mag- 
neto calling apparatus, with the exception that, in place of ik- 
usual transmitter arm and coil box, it carries a small drop 
and jack switchboard. The figure shows an installation of 







drops of the 
eron the lir 



any other on the line by inserting the plug 
jack. Also, any two stations may be 
ordinary switchboard exchange. A conve 
key enables the clerk or operator to se 
calling current to the other sV;i\.\cit\ ot 
circuit, as is necessary. 



type already described, and calling or 
lay be made between the apparatus and 



in the required drop 
onnected as in the 
I iently located switch 
id either a magncln 

1.1:1 ■nv-i.kft die talking 
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LARGE PRIVATE SYSTEMS AND AUTOMATIC 
EXCHANGES. 



Lin 



gen. 



lited Capacity of Private Telephone Systei 

an twenty or thirty telephone appai 



■As 



ay be 



included in 
common return wir 
in the very obviotis 
stations should be 
such as have just bi 
fusion and interference on line 
therefore, is to have a private 
hoard arranged to connect the 



: or full metallic 
fact that even il 
wired to the or< 
en described, the: 
aptK 



sof 



either wit 
rcuits. The reason lit 
n indefinite number c 
ary apparatus switche: 
would be continual cot 
ebusy. The alternativ< 
xchange, with a switcl 
ny two stations in th 



system. Such objections hardly hold good for hotel ; 
business office telephone systems, which have a " 
connection with the main office, since such systems an 
dependent on a central office. 



notable 



A Private System of Exceptional Size. 

exception seems to be presented in such an intercommunicating 
system as was, some months since, installed by the Slnimberg- 
Carlson Telephone Manufacturing Co., of Chicago, in the offices 
of the Peoples Gas Light and Coke Co. of the same city. In 
order to connect the numerous desks in the book-keeping 
department and give telephonic communication with the man- 
agers' offices and general storerooms, all without the use of a 
private exchange, it was necessary to provide intercommuni- 
cating lines for nearly one hundred apparatus. The problem 
seems to have tieen satisfactorily solved by connecting each desk 
to every other one with which it could possibly need to have 
communication, and arranging the c\tcu\\.^ Xo \ie. cQwX.x^'^'ii. Vi-^ -s^ 
system of plug switches. Ot\ severa.\ ol t\\t it-iVs -axt -^fVit 

2&7 ^^ 
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switch boxes with a capacity as high as sixty points; that is to 

say, providing for switching connections with sixty other appa- 
ratus. The wiring is so arranged that the various managers' 
desk sets may also be put into telephonic circuit with the public 
exchange by proper plug contacts. 

Automatic Telephone Exchanges. — There seems lo be; 

well-defined tendency among telephone users, particularly ii 
the matter of installing private plants, such as has just been 
described, to avoid the use of an ordinary switchboard exchange, 
and render the system, as far as possible, automatic. Thus it 
is that a number of inventors have set themselves to solvi 
problems involved, with the result that several automatic 
exchange systems have been put upon the market within recent 
years. As must be understood, with very small reflection 
most likely method of operating such exchanges is by 
variation of the step-by-step principle, which, as we have seen, 
is the most feasible yet found in the domain of party line 
selective signals As a matter of fact, an automatic exchange 
is only an application of the selective signal idea, so extended 
as to meet the needs of a larger number of stations than 
usually included in an intercommunicating telephone system. 

The Strowger Automatic System. ^One of the most 

successful systems of automatic exchange is the Strowger systcni, 
which is installed in several American cities. ' A ptrowger 
exchange in Atlanta, Ga., has as many as 500 subscribers, and 
estimates an average of twelve calls daily for each one. Another, 
recently installed in New Bedford, Mass., began business with 
about the same number, and has been in successful operation (or 
several months. The mechanism of the system is exceedingly 
complicated, and could not possibly be described within limited 
space. Briefly, however, we may treat it as follows: The line 
wires at the central station are arranged in rows in definite 
order. Over the terminals of branches from these, from the 
exchange apparatus of each subscnbet, \s ^\ac»;i w^Tivi^^-i 
a shaft, which, by a suUaWe avva^^sftTOenv ol xtf^a^-i, ^a.-v»^-i 
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s boih a rotary and a longitudinal motion under 

ing from a common battery. Each such shaft 

i of arms set upon it spirally; that is to say, 

different relative radial positions on its circumfer- 

^ided into groups of tens, thus, 101, iii, 

112, 122, 13*, 142, etc, and each 

aft has an arm corresponding to each such group. Thus a 

intact between the shaft and the desired line wire may be 

lugh one of these radial arms, according as the switch 

^iechanism at the subscriber's apparatus is operated. 

Subscriber's Circuit-Making Apparatus. — Each station 
apparatus has four keys — one lettered H, for hundreds; a 
second, T, for tens; a third, U, for units; and a fourth, R, for 
release. The wiring in connection with these keys is so arranged 
that circuits are made from the central exchange grounded 
battery over either limb of the talking line alternately to ground 
at the subscriber's station. Supposing a given subscriber wishes 
to call up another, numbered 253, he will press key H twice, 
thus causing the shaft of his switchboard apparatus to rotate 
through the space of two make points or teeth, at the same time 
closing and locking a circuit connection through a second relay 
over the other limb of the line. He then presses key T tive 
times, thus causing the shaft to be moved longitudinally, 
through five steps and locking circuit connection, through a 
third relay. When key U has been pressed three times one arm 
of the shaft is brought into contact with wire 253, and commu- 
nication may be had by ringing his magneto bell lo call up 
subscriber 253. If his apparatus bell does not ring he knows 
that 253 is engaged, and accordingly awaits another opportu- 
nity. When the conversation is completed he presses the key 
K, thus operating a restoring mechanism at " central," and 
leaving his switchboard apparatus in position for another call. 
The later apparatus of this system have a simple dial arrange- 
ment, instead of buttons, for transmitting the current impulses, 
and the method is to send out three d'\5pl.vncv ^tt.^ oV \to^^^ks.\.*s^ 
ever}' call: the first for hundreds, by vuiuVw^ >Xi«. &^^ "^"^ "^ 
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required number from o to 9; the set 
I he diil to the required number from 1 
in the same fashion. Each separate 
rtlay the rcquirec! number of times, 1 



ind for tens, by turning 
to 9; the third for units 



Ihe 



t of i 



The Clark Automatic Exchange. — A mucii simpler system, 
jif^apted for use on lines of not more than 150 stations, is the 
one manufactured by the Clark Automatic Telephone Switch- 
hoard Co., of Providence, R. I. This may be described as a 
llioroughly representative stepby-step mechanism, and has the 
advantage of combining simplicity of construction with exacti- 
tade of action. Each subscriber's station has a call-transmitting 
device, consisting of a dial around whose circumference is a 
succession of numbers, "from i to 75, corresponding to the 
numbers of the stations in the system. This is shown in Fig. 
zr,!- When one subscriber desires communication with any 
other lie pushes in the button shown at the side of the trans- 
mitting dial, thus releasing a locliing arrangement which 
normally holds the indicator mechanism at any desired point. 
He then turns the dial by the knob at the center until the 
desired number is opposite an indicated point. By this opera- 
tion he causes a circuit-making arm to pass over as many 
" make" points as there are between the start and the required 
number, thus alternately energising and de-energi^ing an electro- 
magnet at the central station a corresponding number of times, 
electro-magnet is shown in Fig. 215, which gives a good 

tomatic 



This 

general idea of its operation. There is one such i 
switch, or "receiver," to every subscriber's apparatus. To the 
armature of the magnet is attached an escapement, as shown, 
which is normally held away from the pole by a small coiled 
spring. Each time the armature is attracted the escapement 
moves the ratchet wheel forward one-half a tooth, each release 
making the other half under the force of the spring. The 
contact buttons arranged around the circumference of the wheel 
are the terminals of the various apparat.us "«itfc?> w\. lAw. v^yijeL^v, 
2ad each movement of the ralclxel ^\\tou^ V'o.e. ^v*-'^'' *^^ '*'^' 
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tooth makes contact with one of these circuits. The forward 
movement continues until the required number is reached, for 
since the number of make points on the transmitting dial and 
the contact points on the ratchet wheel correspond exactly, the 
movements will always be in unison. The magnet takes energy 
from a battery included in the circuit. When the conversation 
is completed the subscriber again pushes in the plunger on his 
transmitting dial, an J moves the numbered dial through the 
remainder of its revolution until it is restored to the neutral 
point from which it started, and is ready to start again. 
Fig. 214 shows the form of frame for mounting the subscribers 
switching apparatus at the exchangCo 



CHAPTER TWENTV-ONR. 



DEVICES FOR PROTECTING TELEPHONE APPARATUS 
FROM ELECTRICAL DISTURBANCES. 



■s. — Beginning ihe study of line wiring 
he tirst things to attract the attention are 
1 to afford llic apparatus protection from 
1 lightning and sneak currents. The need 
: readily understood even by those who 
ical knowledge; since, as all know, steel 
Lrici'l contrivances, when in a position 
are apt to attract the bolts and sufler 
The latter danger, exposure tcJ sneak 
currents, due to the lines crossing with power wires or other 
conductors oi electricity, is quite as grave. Such currents, 
entering a station apparatus or exchange, are liable to " burn 
out" all the magnet coils and other appliances by so healing 
the wires that their insulating covers are charred and rendered 
useless. To guard against such disaster devices are installed 



Protective Devi 

at a terminal station, 
the devices constnicii 
the damaging efiecis 
of the former may 1 
have little or no tleci 
instruments and ele 
exposed to lightning 
damage accordingly. 



1 charged by a current 



t undei 



which are able to break (he circuit 
of more than a specified amperage. 

Fuse Wires. — In order to thus break the 
stress of over-heating, wires of fusible metat^usually an alloy 
of tin and bismuth in such proportion as to melt at a desired 
temperature — are interposed at proper points in the circuit, as, 
for example, at the entrance of a station apparatus. The 
arrangement of such a fuse is shown in Fig. 216, where the line 
wire and the direction of the current arc indicated by the 
arrows, the fuse wire being between ihe two connecting points. 
If a current of more than the safe strength come along the line, 
the fuse is melted, or " blown ouV," a.^ \l^ tciv^V&wit \.«3 -C^t 
■at geacrales heat, and the cVrcaH \s V\v\x^ \)toVt'o~ '^•»^»'i» 
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to the coQStani necessity of repla< 
wires are usually attached betwee 
metal, such as are shown in Figs, 
inserted in circuit, either by screws, 
leaf springs. Each such fuse plate c 
to hold a sheet of mica of proper I 
fuse wire, as shown in the same figu 



ing blown-out fuses, such 
I plates, or clips, of harder 
217 and zi8, and these are 
as in Fig. 222, or between 
r clip has a flange, intended 
:ngth as mounting to iht 




Heat Coils and Circuit Brealcers. — While it is generalU' 
a sufficient protection against sneak currents to arrange (lie 
fuses as shown in the foregoing figures, the require 
work, in pole and station terminals, frequently dernand siime 
additional device which will insure the breaking of the 
the moment the heat is of a sufficient degree to melt the fuse 
wire, Such devices are desirable from the fact that a badly 
arranged fuse — one not of the proper length o 
under certain conditions, such as will enable a short fu: 
its metal clips by radiation, and thus increase its curreol- 
carrying capacity, will frequently admit of damage before iht 
circuit is opened. It is also very difficult often to arrange 1 
fuse to blow off with the desired degrees of current. To mcel 
these conditions some inventors have enclosed in a coil of Ger^ 
man silver R short hooked pw, the. Uvo being soldered with J 
few drops of fuse mela\. X ^wo^ft ^v"^?."^^ '^'^^^ aJWifiwA.-*. 
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I hooked pin, and the momenL ihe fuse metal is heated to the 
ing point by a current in the highly resistant coil, it is 
Died forcibly from its socket, thus cutting the circuit. A I 

e of this description (Ericsson's heat coil) is shown in Fig. 



Tubular Fusbs. — Under the general 
may place such devices as provide fo 
e with a sheath or jacket of non-conducting 
lerial. A representative protection of this kind 
I the Cook tubular fuse, a group of which is 
in Fig. 2Z0, arranged to be fitted to a cable 
Iterminal. The case is a Cylinder of hard rubber, 
carrying a threaded bore in its length. Into one 
end of this is screwed one terminal brass cap. 
Into the other end is screwed a brass plug with 
flanging end to hold in position a coil of German 
silver wire, which coil connects the two brass 
terminal caps, passing through a hole running in 
the length of the tube parallel to the screw-threaded 
bore. Through the center of the screw-plug is a 
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Lightning Arresters. — A simple form of lightning arrester, 
still used on some telephones, consists of three serrated melal ■ 
places, which are arranged in a staggered row on the top of the 
generator box, each being secured in place by one of the bind- 
ing posts of llie apparatus. The third, or middle, binding post 
is connected to ground ; the other two are the terminals of the 
line wires. As these ]>hites are not in contsitt — cawt-a-ct. ^K'a>\'>•i 
interfere with ihe operation ol X\\t ap^aiaX-u^ — 'Co.i to.O&\'^^ -a^ 
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securing efficient protection from lightning is to place a metal 
plug between the two line terminals, thus short-circuiting the 
apparatus ; or, to connect either or both with the groundd 
plate by similar plugs. The theory of this simple device i 
the lightning will not affect the apparatus when it is shoti- 
circiiited, rather preferring to jump the short distance I 
grounded plate and pass off harmless. This result, however, docs 
not always follow, as lightning is one of those things that oUm 




the I. 
has f 



ems to be an exception to all rules. Another difficulty is W.^^ 
the fact that should a subscriber neglect to remove the pit! 
the end of a tliiiniJer storm his instrument is rendered iwp' 
The line circuit being complfeted between the pi 

enter. Such nettico 
:e, disabling an eni 
icluded in a brid^ 



his apparatus, 
rntly worked great i 



jit. 
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Carbon Lightning Arresters. — A much more efScid 
method of groundin_^ a lightning charge short of the appunin 
to be protected is by the use of carbon arresters. As produd 
by nearly all telephone manufacturers, the carbon arrester "< 
sists of two flat blocks of carbon, between which is plad 
thin sheet of mica. Such pairs of carbon blocks arealtai j 
io each terminal ot the V\we, one. on eatV. 'ce.S.vv.'^ i:.<ia.aectt. 
line, thi other to ground. "Witi ^i.tciLX- Xv'a^ \.-a \Sm< 
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iratus is, however, not broken on either limb, the carbons 
ling a branch circuit. The theory is that the lightning cur- 
will pass through the small hole in the mica strip between 
carbon blocks, and follow the line of least resistance to 
inil. In practice this theory seems amply warranted. The 
ling lUcctric Co. have introduced a further protective feature; 




not only perforating the mica plate at a point midway on its 
length, but also inserting in a hole in one of the blocks a small 
drop of fusible metal. Under a high heat pressure this metal 
will melt, thus assuring perfect electrical connection between the 
two blocks, and grounding the line. The fuse and carbon 
protectors are frequently combined in one instrument, as shown 
in the accompanying figures, thus assuring complete protection 
10 the apparatus from all electrical disturbances. 

Line Protectlves. — In well-constructed telephone lines 
every exposed point is protected as lViovou^\v\'j as ^Q'si-Ct^t V-^t^a- 
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lightning and sneak currents. Thus in addition to the c 
bined fuse and carbon arresters attached to the telephone a| 
ratus, outside proteclives are provided to doubly assure thi; re- I 



suit. In Fig. 221 are shown the static 
Sterling Electric Co. Within is the tubular 
and at the joining of the line outside is a [on 
current that will pass through the one mu; 
Similar tubular fuses are provided at all ( 
shown in Fig. j3d. 
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CHAPTER TWENTV-TWO. 



THE GENERAL CONDITIONS OF TELEPHONE LINE 
CONSTRUCTION. 



Construction of Lines. — The subject of telephone lines 
ludes a large number of details — such as proper construc- 
■tions, testing, repairing — ^which make it a profession by itself, to 
istered only by practical experience and careful training. 
In addition we may include under this general head the matters 



connected with terminal dev 


ices and the v 


irious protectives used 


on lines and apparatus and 


at central ex 


hanges. In entering 


upon a review of the matter 


we must bea 


r in mind that there 


are two distinct kinds of Hn 


es in telephor 


e practice, as also in 


telegraphy: lines with a grc 


und return a 


d full metallic lines, 


in which both limbs of the 


ircuit are wir 


es of the same mate- 


rial and dimensions. There 


are also two 


ways of constructing 


lines connecting terminal st 


ations; string 


ng them on poles in 



the usual familiar fashion, and enclosing them in cables, which 
are run through properly constructed underground conduits, 
.Very frequently also wires hung on poles are bunched into 
cables of the same description and suspended by hangers. The 
majority of lines also are strung on poles through one portion 
of their length and buried in conduits through another portion. 
All these points of construction involve the use of special de- 
vices, which will be explained in place. 

The ConcE.tlons of Line Construction. — By such devices 
as have been described in the last chapter the apparatus at sta- 
tions and exchanges may be protected from danger by foreign 
currents. There are, however, so many precautions necessary to 
the end of securing a thoroughly quiet and serviceable telephone 
circuit that we may venture to assert that the science of lele- 
phone liae construction is very \argc\y ^unvme4 ^i^ 'wv ■^e.H.-wjitfv- 
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edge ol how best to overcome the electrical difficulties and ob- 
stacles that must be met. In the first place, the question of the 
material and dimensions of the line wire must be carefully con- 
sidered, both from the standpoint of durability and from that of 
conductance. For, when we have overcome the difficulties inci- 
dent to the specific resistance of a metal by enlarging the diam- 
eter of the wire, we are met by a new one quite as serious. By 
enlarging the diameter we have increased the total surface, 
or circumference, area of the line, hence increasing its electro- 
static capacity for electrical condensation with the earth as the 
other charging surface and the intervening air as the insulator. 
This condition, which is a wonderful deterrent to successful tele- 
phonic transmission, may be largely neutralized by using taller 
poles; but here also is a difficulty, as above a certain height poles 
are exceedingly liable to be uprooted in a storm, with the obvious 
result of disabling the entire system. In order to avoid another 
cause of electrical waste it is essential that all joints be tight 
and secure, soldered v/here not otherwise protected, in order 
that the ends of the two wires so connected may not become a 
kind of loose contact microphone to the disadvantage of good 
conduction of speech. Finally the disturbances due to induc- 
tion, both electro-magnetic and electrostatic, from other wires, 
telephonic, telegraphic, or power, when these cross or are strung 
near the line, have to be neutralized. It is thus easy to see 
that the matter of line wiring for a telephone circuit involves 
manv other considerations than merelv attaching a wire of anv 
metal to a series of poles of sulTicient strength. Every phase of 
the question must be carefully considered and planned before 
work is begun on any given line. 

General Inductive Disturbances. — One matter which 
should be understood by every practical telephonist relates to 
the phenomena characteristic of the constant shifting and re- 
versals in the magnetic properties of a conductor carrying the 
telephonic current. As we have seen in a previous chapter. 
ry ci/rren t-bearinaj cv)nduclot, \\\\^v\\^^ \tvs\i\^\fc<i c^x ijvot^ is 
funded bv a whirl ol ma^acUc ^otc^A^^^"^^^^ ^^ ^^^^^^^^"^ 
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t right angles to its length. As we might naturally conclude, 
fche directon in which this whirl of force moves is in accord with 
phe direction of the electrical current on the wire. Hence it is 
■ery time the current is interrupted, diminished or alter- 
Sted, there is a corresponding alteration in the magnetic condi- 
s of the wire, which demands readjusttnent or a new adjust- 
:ni of the magnetic field. This process, of course, demands 
be and a certain expenditure of electrical energy, and for this 
(Bson constitutes a species of false or apparent resistance, 
-able to the resisting property of water in a pipe when 
jft by any sudden change in its rate of motion, either as an 
3 start or to check, its flow. The tendency of matter to 
^maintain any condition is what physicists term " inertia." On 
the same figure, then, do we speak of magnetic impedance or 
self-induction of an electric circuit as electrical inertia. It is 
most powerfully illustrated in a coiled conductor, in which, as 
we can readily understand, the 1 
the ones next following, demand 
menls of their relative positions 
the delay in closing a live circu 
ductor. The "magnetic lag." 
increased by introducing an iron 
eleclru magntl of it — since the 1 
stitules a true impedance, the process of demagnetization, on 
each cessation of the current, gives rise to the condition icnown 
as ■'retardation." This is the principle applied in the long- 
wound magnets of bridging bells, which form an efficient bar 
to the rapidly alternating telephonic currents. Indeed, alter- 
nating currents in general are liable to suffer from the resisting 
action of self-induction in direct proportion to their frequency. 
Inductive Disturbances In Telephone Lines. — In tele- 
phony the effects of cross-induction between different lines and 
of self-induction are found in the "absorption " of the higher 
overtones of the voice, which renders the sound received both 
smjil in volume and indistinct. The speech-'OtaTW^f, tvi\-sw\v\-a 
extremely complex, and, as transmVuei b^" V^t ■K\cii.«^ \sS\.<t.- 
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I phonic apparatus, alternates with high frequency and an ind*- ' 

■ scribable multitude of wave lengths and shapes due to the 

■ blending of the overtones of the sound waves wilh the funda- 
K mental notes of characteristic volume and timbre. The Irans- 

■ formation of the sound impulses into electrical impulses gener- 
I rates a correspondingly large variety in phase — that is to say, 
B produces a series of waves of varying length, speed and fre- 
I quency, which must inevitably involve the loss of much of the 

■ original vocal quality — many waves being "choked off" before 
I completing their phase — although perfectly carrying the funda- 
I mentals and many of the lower overtones. Thus it Is that con- 
I ditions which permit of the ready transmission of regularly 
I alternating currents intended for power use are important inter- 
I ferents in telephony, which deals with alternating currents o£ 
\ indescribable irregularity. 

The Electrostatic Conditions of a Line. — Another form 

of interference in telephone lines is due to derived induction 
from other current-bearing eircuits, which causes "cross talk" 
and such foreign disturbing noises as arise from proximity loan 
alternating current power wire or a telegraph line. As has been 
several times suggested, every line is in fact a condenser, with 
the wire for one charged surface and the earth, or some Other 
near conductor, as the other. This involves a continued neces- 
sity ot recharging and readjusting the polarities every time the 
current alternates. In the section on electrical condensers wc 
stated that the basic fact of condensation was a produced differ- 
ence in potential between the electrically charged surfaces. 
Thus it is that to change the polarity of the source or to alter- 
nate the current on the line involves a shifting in the potential. 
which means not only a change in this respect in the conducting 
surface immediately charged, but also in every other such sur- 
face in the system affecVed by induction from the line. 

Electrostatic Induction. — It has been demonstrated thai 
rAe Ji'slurbing- influences ol " ctos,^ \.aW" awft. oWtt v.rivy«. wt 
due principally not to electro -ma^^^'Ac wAacCMiTv Xixa. v> 
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induction, such as is seen in the process of "charging " d 
iser. The series of experiments by which this fact was 
tablished by Mr. J. J. Cany, inventor of the " bridging bell," 
two grounded circuits of equal length at 
3 apart, arranging an ordinary transmitter appa- 
C the line extremity of the first, and three receivers, one 
at cither end and one in the middle, in the second. Words 
spoken into the transmitter on the first circuit could be distinctly 
heard in the two end receivers of the second circuit, but not at 
all in the middle one, thus proving that the inducing current 
moved either to or from the middle and neutral point, which is 
an ascertained characteristic of electrostatic charges, and not at 
all from either end through the whole length of the circuit, as is 
the case in such electro- magnetic induction devices as the ordi- 
nary induction coil. The problem of overcoming the condition 
is then a simple one, involving merely an observance of the laws 
governing induction of this variety. 

Electrostatic Capacity. — As has been well said in regard 
to telegraph lines : " When a key is depressed, closing a long 
telegraph current and sending a signal into a line, it is at least 
very probable that a portion of the electricity travels to the end 
of the wire with the velocity of light. But as the wire must be 
charged, enough current to move the relay may not reach the 
end for some seconds, " The amount of electrical energy 
leijuired to thus charge, or shift the potential of a line, varies 
with several other facts, such as the diameter of the wires, the 
height of the poles, the proximity of other lines, sometimes as 
the strength of the current, and as the line is grounded or on 
full metallic circuit. According to the observance of the condi- 
tions thus enumerated in the construction of a line, it differs 
from other lines, exactly the same in other particulars, but under 
different conditions, in a quality known as "capacity." In one 
sense capacity is to be determined by the area of the conducting 
surfaces to be charged ; but in the practical aspects of the situa- 
uon, so far a? regards condensers ol a\\ 4e'acv\i^M\'a'a&^ ■C^t -v-^t 
followed is that it varies accordXng Vo 'i^e. >iv\0*Avt'i.^ tA ■** 
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"'dielectric," or insulating layer, between the conducting sur- 
faces. Thus the same telephone or telegraph line may have dif- 
ferent capacities on different sections in its length, any two such 
sections differing in most of the particulars above enumerateil. 
The rule seems, in this way, to be established that electrical 
condensation demands a maintenance of uniformity in the con- 
ditions that render it operative. The converse follows, there- 
fore, that to disturb this same uniformity, in such fashion as 
not to interfere with the conducting properties of the circuil, 
will accomplish the end of neutralizing the effects of electrostatic 
disturbance. Such shifting must, however, be regular and pro- 
portional, in order to balance the line and to avoid substituting 
a large number of short condensing areas for a few longer ones. 
The means usually adopted is the arrangement known as 
" transposition," by which the wires of several circuits are so 
shifted at proportioned intervals that their relative positions are 
quite disturbed, and all electrostatic influences are reduced to 
the lowest point. This s)-stem will be fully explained in tin 
proper place. 




CHAPTKR TWENTY THREE. 
TELEPHONE POLE LINES. 

Pole Line Construction.— While it would be impossible to 
enter into all the detLiila and give all the figures necessary to a 
complete understanding of the construction of pole-suspended 
telephone lines, the general principles may be expressed in a 
few pages. The first considerations are the strength and dura- 
bility of the poles, which involve calculations on the size, the 
cross diameter of both top and bottom in proportion to the 
height, and of the kind of wood to be used. Again, and by no 
means of subordinate importance, is the consideration of what 
proportion of the total length of a pole must be planted in the 
ground in order to afford a secure hold. 

Wood for Poles. — It will be readily understood that the 
durability of a pole depends largely upon the kind of wood of 
which it is composed. Moreover, no commercial system of 
treating the wood cjn insure its preservation for so long a time 
as to materially alter the proportional figures on this point. 
When pole linci arestrung in cities, where protection is afforded 
from many inclemencies of the weather, the material used is 
generally Norway pine. This is the case because trees of this 
variety frequently attain the required height. In cross-country 
construction, where, other things being equal, strength and 
durability of construction are considerations of equal importance 
with height, poles are most often of chestnut, cypress or cedar. 
As estimated by several authorities, the average life of the vari- 
eties of wood most commonly used in pole-line construction is 
as follows : Norway pine, 6 years; cypress, lo years; cedar, 12 
years; chestnut, 15 years. 

Dimensions of Poles for Telephone Lines. — The follow- 
ing- data, given in Kempsler WliWav's "' Kw\ct'\.CMi. ■\^t'^«s« 
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Practice," show the dimensions of poles suitable to the require- 
ments of various lines. In general the poles, of whatever 
height, must be at least seven inches in diameter at the top. 
The diameter at the bottom, and the depth at which the pole is 
planted in the ground varies directly with the height. 
The figures are as follows : 



I^ENGTH OF Pole. 


Diameter, 6 Ft. from Butt. 


I^ENCiTH Planted in Carih. 


25 feet. 


9 inches. 


5>^ feet. 


30 feet. 


10 inches. 


6 feet. 


35 feet. 


II inches. 


6 feet 


40 feet. 


12 inches. 


6 feet. 


45 feet. 


13 inches. 


^Yz feet. 


50 feet. 


14 inches. 


6>^ feet. 


55 feet. 


16 inches. 


6;^ feet 


60 feet. 


17 inches. 


7 feet. 


65 feet. 


18 inches. 


7 feet. 


70 feet. 


20 inches. . 


tYz feet 



Preparing the Poles. — To prepare a tree-trunk for use as 
a telegraph or telephone pole it is necessary to peel away the 
bark as soon as it is felled, carefully shaving down the knots, 
and leave it to dry, in order that the sap may be evaporated, 
and one cause of decay thus effectually removed. A pole thus 
treated will last its full period, particularly if it be painted. 
There are several methods of preparing the wood chemically so 
as to prevent decay, but the cheapest of them involves an initial 
expenditure and complicated appliances hardly warranted for 
small poles, and almost prohibitory for the longer ones. The 
most familiar of such methods are those known as ** creosoting" 
and '* vulcanizing," both extensively applied in Europe. In 
America the usual practice is to give the pole a heavy coating 
of pitch over the first six feet from the butt, which serves to 
protect it from moisture of the ground. 

Cross Arms. — The familiar cross arms for stringing the 
whes arc ii.sually atlaeUed to V.\\<i po\^s V>^\.ox^ \.Vv^>5 ^^^ erected. 
Th<iy are commonly made lrou\ >/e\\o\\ v'v^^ ^o^^,*^^xx^^.;jJ^>^-^;v 
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inches square, and are freely coated with good mineral 

fint as a preservative. Attachment is made to the pole by 

ftting' a gain one inch deep and of suflicient breadth to allow 

; longest side of the cross arm to lit accurately. It is then 

secured in place by a lag screw, a long wood screw with a square 

n'Jt head, so that it maybe driven into place with a wrench. 

The cross-arm is further secured to the pole with braces. 

Bifore the cross-arm is set in place the gain is carefully 
painted with white lead. As it is important that the cross-arms 




on a line of poles, particularly when there are several on each 
one, should be at equal distances from the ground as well as 
being uniformly spaced, it is necessary that some measuring in- 
strument should be used to secure this end. Such an instru- 
ment i.", the ordinary iemphile, which is a length of board carrying 
a pointed block at one end, to correspond exactly wuh the top 
of the pole, and also cross cleats nailed at precisely the same 
intervals below it as it is proposed attaching the cross-arms. 
The template, laid upon a pole, shows where to cut the gains. 

Attachments for the Wires. ^The cross arms are bored 
with holes for the insertion of the insulator pins, which are 
made of locust wood and threaded at the upper end to attach 
the glass insulator. According to the number of the pins to be 
inserted in a cross arm it is made shorter or longer. An arm 
for two pins is made three feet long, according to the standard 
usually followed, with holes for the pins at points three inches 
from either end and a space o£ 28 incUe^ befNettt \!a««^ xa. "CSr. 
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the two 



of ( 



are inserted in the cross a 
ing to the fact that it is 



ery c 



'ery pole. Accordi 
tern of measuring, a lo-pin arm is madi 
space of four inches from the last pin ti 
between the two center pins, and lo inc 
The standard system is that followed in 
frequently also in teirphone lines, C 



IS customary to slnngl 
id return wires, to the^ 
ig to the standard sys- 
lo feet long, giving a 
either end, i6 inches 
les between all others, 
;elegraph-iine work, and 
: Kite, however, a idc- 



^m 




-„, 


,u„,... ...,„.„„,,. 
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IS handled spoon shovsl. 








-DiRgmg crow-bar. 
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,„„, 


„ r;.p,„.„„. 



phone arm spacing and dimension system has been widely 
adopted, which differs in some important parliculars. In this 
system the cross arms are made sj^ by 3^ inches square, Uie 
end pins are placed three inches from the ends, and on ail e»- 
cept the 2-pin urms they ate spaced -iV v^i vwttvt^ a^jart, Accord- 
ing to the (able given by Kemp'sle.T WvWe.'c, a- -i-'&vtv 
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24, 30 or 36 inches long, allowing a spacing in the center of 18, 
24 or 30 inclies, respectively. For four pins the length is 42 
inches; for six pins 6s inches; for eight pins 83 inches; for ten 
pins \ot inches; for twelve pins 120 inches. As may be seen, 
therefore, the lo-foot arm takes twelve pins instead uf only ten, 
as in the standard measurement. 




Spacing tha Poles.— Pol 

placed at intervals varying from 
is to say, approximately, from i 
the spacing of the poles, like their din 



telephone line may be 

D fifty tothemile — that 

feet apart. In general 

■nsions, is regulated by 



the weight uf the lines they are designed to carry — 

the lines the nearer the poles^and also by their liability to injury 

from storms and wind in any given locality. 

Planting the Poles. — Since e-dc\\ pciXe oft a '^■(i3^jtt\\-i iL<i^- 
siructcd line is sawed to the righl \ei\^\.\v aft4 cate.'i.wW-i ^xa-^-sA. 
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before it is finally inserted in the ground, it is necessary ihal 
the holes be dug to as nearly the required depth as possible, 
Holes for poles are dug very little wider than their diameter at 
the butt, and the depth is usually computed according lo the 
nature of the soil and the weight of the proposed line, the fig- 
ures given above being, however, fairly representative of the 




general practice in this particular. Excavation, while some- 
times accomplished with patent post-hole augers, or even dyna- 
mite, is usually done with long-handled digging shovels and 
the earth removed with spoon shovels, such as are shown in the 
accompanying figures. Wherever necessary a foundation of 
loose stones is formed in the bottom of the hole, and in maishy 
or springy ground a basis of concrete and cement is laid, with 
filling of the same material around the pole, when raised. The 
poles are rolled to the holes, or carried on hooks similarto those 
used for carrying blocks of ice, except for a long handle for 
lifting the load at either side. K 9\fcce oi\.\TObtr Is then inserted 
le Aole as a slide to pievcnt ci\i.mVi:\t\^ o^ "ii:ve. «awi^ 



mmm 



wm 



The 



i is slid into pi. 

vv the ■■ dead man," 

t. placed beneath, and this 

■ lifted with pike pples, u 

■ of gravity This ac 



nd is raised by hand sjfficiently 
r pole hoist shown in Fig. 231 to . 
i moved along regularly as the pole 
-il ic slides into place through the 
jmplished, supports are arranged 




<^ k|^ 




around to hold it in position while the earth is carefully shov- 
eled into the holes and thoroughly packed down with a tamper. 
In order to secure the pole from over-strain, which might throw 
it down and brcaV: the wires, guy cables are largely employed ; 
these being attached to the lop of a pole and secured either to 
the base of the next pole, to a suitable guy stub or post or to a 
guy anchor, which is buried about eight feet in the earth and 
held down by stones and concrete. Guying is most frequently 
resorted to when the line turns a corner. Then it is necessary 
to thoroughly secure the poles so Ihal nu %Via\w laa.^ cttMit i^-c. 
cJie cornerv/ise span. 
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WiFQ far Tfilephone LInea.— In telegrcph lines gaJvaniitri 

n wire is usually employed, the thin coating of zinc st 
to protect it from the corrosive action of the elements. 
vire is also used to a limited extent in telepjione work, but, from 
Is greater conductivity, lesser capacity, owing to the smaller 
ixposed surface, .its greater durability and lesser weight per mile 




Joiut, before an rt afltr 



s far s 



Iron 



coppi 

well galvanized — it is coated with 
by passing through a bath of the 
lasting at best only from four to si; 
its conductivity long before. The 
lines should be the hard drawn ra 



ire, even when thoroughly 
thin layer of metallic 
lolten metal — is short-lived, 
years, and losing much n( 
Dpper wire used in teiephooc 
the annealed, 



have a breaking weight of between two and a half and three 
times its weight per mile. Thus the best copper wireofsiit 
0000 (B. & S.), such as is used as the power wire for trolleyf 
lines, weighs 3,3Sa pounds lo \.Ue mile, and will stand a laifi 
strain up to about 9,911 v'^unii,. "*«««:. q^ ^\i.e. -s.i,-e>Mt^ 
most often used in telephone Wnes, -wtivgtv^ i.*i(» \>wvo&a. 
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^Kile and will stand a lateral strain up to 30; pounds, which is its 
^^K^aking weight. The fornier has an approximate resistance of 
^Rie-quarler ohm per mile, the latter of about 5.2 ohms. The 
^^■illowing table will give a good idea of the relative merits of 
^Ke best quality of iron and copper wires of size 14 (B. & S.), 
^^■hich is the one frequently used on short lines: 


^^k MrrAu. 


Weioht PER Mile. 


■ SS£SS. 


«-s^.r™ 


^1 Copper. 


96 pounds. 
83 pounds. 


541 pounds. 
193 pounds. 


49.8 ohms. 
8.7 ohms. 


^^1 As the data regarding the gauging of wires will be given 
^^ftter we will turn to a consideration of the methods employed 
^^B Stringing a telephone line. 

^f Stringing a Line.— The erection and guying of the poles 
Fof a line as well as the attachment of the cross arms and the 
screwing-on of the insulator caps are completed before the 
stringing of the line is begun. It is particularly essential that 
the pull on poles of a given line be accurately calculated, and 
that each one be guyed accordingly before the line is strung, in 
order to avoid the danger of an undue strain upon the wires in 
attempting lo rectify the condition afterward. It is a good work- 
ing rule that the wires should be subjected lo no stress other than 
the weights of their own spans after they have been attached to 
the poles. 

In stringing the lines either one or the full number of wires 
may be put up at the same lime. When one line only is to be 
strung the operation consists simply in reeling the wire and run- 
ning it off from a hand reel, such as is shown in Fig. 237. 
At each pole the wire is drawn up to its place, pulled out to the 
desired tension, and attached to the insulator. In theoperalion 
of scringing a number of lines al once V\\t wve\i\ii5i \s, i.\*.«xe.^^- 
The reels are placed at the beglnmng ol a^eCUQft. ^^0^ -^wtNi*.- 
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ing inserted and se 
which is perforated 
the insulators on the cros 
this running board, which 
the stretch to be wired, be 



red through a separate hole in a board, 

) correspond exactly with the spacing oi 

cross arms. A rope is then attached to 

i drawn by a team of horses through 

g lifted over each pole top in turn. 




When a certain length has thus been dr£ 
drawn to the requir 
secured to the insul 



,-n out the wires art 
ch pair of poles anil 



I Tension and Sag. —In applying tension to the wires Ai 

they are strung on the jvjIl's it is the rule to allow some sag. To 
draw them perteclly tight would mean to permitan undue strain 
when the metal contracts in cold, weather. The amount of sag 
to beaiJowed varies with d\neren\.\\wt\\a.'n%e'c?.. Kv^'sf«.-*i 
<luoUd hy one or two autViorVtve?. %we-i a ^iiioS- V«v« 
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inter of eacli 130-foot span. A more general rule is to 
iake the tension on a wire as it is drawn up between each pair 
\ poles equal to one-third of its breaking weight Thus No. 
> (B. & S. ) would be drawn to about 163 pounds and No. iz to 
bout 102 pounds. The temperature at the time of stringing 
:he distance between the poles are, however, important con- 
siderations in applying tension and allowing for sag. 

In drawing out the wire it is customary to use a wire ciamp, 
F " come-along," two forms of which are shown in Figs. 2},^ 
236. This tool is attached lo a block and tackle, or drawn 
y hand, and, as soon as the proper force has been applied, 
wire is held, while the lineman secures it lo the insulator, 
ther contrivance for this purpose is the pole ratchet, by 
llich the wire is drawn tight and held until attached to the 



Attaching the Wires. — Practice has developed a number 
I methods for tying the wire to the insulators and also for 
Ening the ends of the separate lengths. Many of the earlier 
ethods of tying accomplished the end of obtaining a secure 
1 by using a wire of smaller diameter than the line wire to pass 
ind the insulator and fasten it firmly. Fig. 238 shows the 
Bost approved method of tying in present-day line working, 
i first laid in the groove of the insulator, after 



phich a short piece of the 
around to hold it in place, 
side with pliers. 



i of 1 



the) 



i passed en 
3 the line at t 



ithei 



Splicing the Wrres.- 

separate lengths of wire ar 
are several such also. Fie 



-Appropriate means for joining the 
of even greater importance. There 
239 shows what is generally called 
the "American wire joint." The method of making it is, 
briefly, to grip'the two wires with a hand vise, such as is shown 
in Fig. 234, and to twist the end firmly with pliers. The Western 
Union joint is shown in the lower portion of Fig. z47, and the 
method of making the jointure in Fig. 240. The two wires are 
gripped &y come-alongs, and drawn u^ 'N'\v\\\)\o.O*.^'a^^'*^'^>'*^ 
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shown, in order to prevent an insecure joint. The two enclsai 
then turned about one another two or three times, and the splio 
completed as in the former joint, with a pair of pliers. Both 
these splices are secure and serviceable for telegraph use, but 01 
telephone lines must be soldered or securely wrapped with tip- 
foil and tape. SoIderin_^, however, is the best practice, being 
applied, as indicated in Fig. 247. . The object of soldering is 10 
overcome the difficulties due to loose contacts at the 

Sleeve Joints. — The most approved method for making 
the joints of telephone lines is by the use of some form of sleeve. 
such as is shown in Fig. 341. This consists of two copper lub« 
of the required length, and of sufficient 
admit the ends of the wires to be joined, iitting tightly. The 
tubes are then gripped with a tool, shown in Fig. 246, a 
twisted around one another, so that the wires are secur 
joined and locked, as shown in Fig. 241 or in Fig. 247. Another 
form of joint, also widely used, consists of a sheet of copper 
bent S-shaped, instead of two tubes. The method of effectin;; 
the jointure is similar to that just described. After thus Iwisi 
ing on the sleeve joints it is frequently the practice to solder 
the wires at either end of the sleeve. Actual tests have demon- 
strated the fact that the tensile strength of such a joint maybe 
nearly doubled by this method of soldering. 





WIRE TRANSPOSITIONS ON 



Transpositions on a Metallic Line.— As has already been 
stated, the telephonic current is often seriously affected by 
electrostatic induction from other telephone and ttlegraph 
lines, and also from power circuits, owing to the fact that the 
surfaces of the wires form, as it were, so many charging plates 
of a true electrical condenser, with the intervening air as the insu- 
lating layer or dielectric. The telephonic current changes the 
potential of its own charging surface as frequently as it alter- 
nates, and this fact in itself is amply sufficient to account for a 
vast weakening of the current before it reaches its destination. 
The only practicable method for overcoming this annoyance in 
pole lines is by the arrangement known as "transposition," 
which is, briefly, liie practice of regularly shifting the relative 
position of the two limbs of each circuit as regards other wires 
in the same pole system. For short lines and pole systems with 
only a few wires it is not necessary to transpose very frequently. 
On longer lines it has been found amply sufficient to transpose 
once every quarter mile : that is to say to change the relative 
position of the wires of the different circuits at posts situated 
about that distance apart. This does not mean, however, that 
each pair of wires is transposed so often, but that on ordinary 
sized systems the transposition of some one circuit is amply 
sufficient to secure balanced relations and effectually counter- 
act the effects of cross induction. It is a matter which must be 
carefully calculated and planned in each particular instance in 
order to secure the best advantages. 

Method of Making Transpositions. — Tlie usual practice 
in America is to use transpo.-,ilion insulators, which ;ire either 
double insulators, one being scriiweii Vu \.\\e v\^ afe'V)^^. ■Cft.e.'ii'^'^^ 
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or else such caps as are shown in Fig. 249. Such insulators are 
intended to act as circuit breakers, the particular wire to be 
transposed being cut and "dead ended," or tied around,. on 
both the upper and lower grooves of the cap. The free ertd of 
each length is then passed back and around the insulator and 
twisted, or sleeve jointed, to the other limb of its own circuit. 
With copper wires it is customary to use such sleeve joints as 
have already been described, but it is necessary only to twist 
iron wires which are to be soldered as shown in Fig. 247. The 
plan thus followed may be readily understood from Fig. 251. 




Fraquency of Transpositions. — The frequency with which 
transpositions are to be made, and also the relative positions, . 
liepend on two considerations: the number of wires strung on 
each cross arm, and ihe number of cross arms on each pole. In 
short it is a consideration of the number of wires strung in the 
pole system. Figs. 248 and 250 show two different plans of wire 
iransposition, the first for a ta-wire a-arm system, the second for 
a 40-wire 4-arm system. In both diagrams the linear spaces 
between the crosswise dotted lines equal 1,300 feet, or one- 
quarter mile approximately, and the length •il \.\\fc 'i.ct\!\^i^ ^o-«^ 
is about eight miles, A little sVuil^ ai \.\\t?>« «\a.%x-ii.'a^'i -«-i^v 
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shi 



t" ihal the tianspositions : 
:wo similarly spaced li 



■ plan . 



SO made as to insure the fact 
, as. for example, 3-4 and 7-8, 
ss arm. Further, the figures 
iposing all the lines as to end the 
,ection, here eight mites long, exactly as it began. In other 
vords, counling back from the point marked S, on tt 
he figures, we find that the arrangements are in the s, 
IS from the left-hand S, and Ihal the same is true ol 
ti either direction from the puints marked E at the 
li! the diagrams. Thus the same arrangement is 
.vithin every four miles of the line, the transpositi 



right of 



repeated 
; being 



perfectly balanced, even 




though several hundred miles in length. In some cases, how- 
ever, as, for example, in the stringing of toll lines, it is 
essential in order to fully neutrali^ie the numerous disturbing 
influences that all lines of a pole system begin and end in 
precisely the same relation ; that is to say, that as the first pole 
is the S pole, so also is the last of the series. 

General Rules in Transpr^sitlon. — Although, as has been 
stated, the plan of transpositions for each separate line must be 
carefully mapped out beforehand, always taking into considera- 
tion the conditions named above, there are some general rules 
to be observed in spacing the line wires. Thus for a single line 
pole system it is sufficient lo Iransposa \.>\t ■N\^<i'i Q^^'^'w- '^''^^ 
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mile. For larger systems new conditions must be considered. 
Thus a writer in the Ericsson Series of telephone pamphlets, 
referring to the diagrams of transposition, lays down the follow- 
ing principles: ** When more than four arms are used, the 5th, 
6th, 7th and 8th [arms] should be transposed like the ist, 2d, 
3d and 4th respectively, excepting that at the ist, 3d, 5th, 7th 
and other odd S poles all pairs except 3 and 4 should be 
transposed. If only two six-pin cross arms are used, then the 
wires on the top cross arm should be transposed like 3, 4, 5, 6, 
7 and 8, and those on the second should be transposed like wires 
13, 14, 15, 16, 17 and 18." The latter correspondence is indi- 
cated by the numbering of Fig. 248. 



The English Method of Transposition. — In England it 
has been the practice from the earliest days of telephony to 
transpose the wires of a pole line on a different plan from that 
just described. Instead of *'dead ending" each wire at stated 
intervals, and making cross connections to the other limb of the 
circuit, the wire is transferred from its starting position on one 
pin and cross arm to another pin and cross arm at the next pole, 
so that the two wires of a circuit make complete twists around 
each other through succeeding definite intervals. Thus on a 
four-span system the four wires make a complete twist once in 
every four poles. This may be illustrated by a diagram, the 
letters indicating the several wires and their positions: 



First 
Pole. 


Second 
Polk. 

C A 
D B 


Third 
Pole. 


Fourth 
Pole. 


Fifth 
Pole. 


A B 
C D 


D C 

B A 


B D 
A C 


A B 
C D 



This (liajjram illustrates a 2-arm. 4-wire sj-stetn through its cross-connections on fi« 
successive poles. Kach cross arm carries two wires, which are regularly cross-connected, 
as illustrated by the rotatiou of the letters, A, H, C, D. 

T/2e fifth pole is therelor^ atxatv^^d ^x^cv^^Vj like the first, 
and the rotation begins a^am. '^\xc\v a m^x^cv^e^. vs. ^Ttt\\^^\^ 
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satisfactory for neutralizing the effects of electrostatic induction 
and other disturbing influences, but it makes a far less sightly 
line and is more difficult to string and repair. It presents, 
however, what is after all the true theory of wire transposition 
and line balancing, for were it practicable to insulate and twist 
together the two wires of every circuit throughout their entire 
length there would be no further need of planning for transpo- 
sitions or cross-connections of any kind. 




Fio. 251a.— Circular wire gauge, showing approximate dimensions of the wii« 
measures on the Standard, or Binniughamf Wire Gauge System. 



CHAPTER TWENTY-FIVE. 

TELEPHONE CABLES AND THEIR USE IN 
UNDERGROUND AND POLE LINES, 

Construction of Cables. — The term *' cable/' as applied 
to the arrangement of wires fitted for use in an undergtound or 
enclosed aerial telephone line is largely a misnomer since, 
apart from the fact that each such system consists of a number 
of conducting wires laid or twisted together, there is no 
resemblance to the structure commonly so called. Telephone 
cables were devised to meet the conditions incident upon the 
necessity of running lines underground, particularly in large 
cities where the law requires it. They might as correctly be 
termed telephone pipe lines, for such in reality they are. As 
constructed at the present time, a cable consists of a length of 
lead pipe through which is drawn a number, generally loo 
pairs, of conducting wires. The lead and tin covering serves 
not only as protection against moisture and other harmful 
influences, but also as a shield against inductive disturbances, 
the surface of the pipe absorbing and holding most of the 
electrical charges likely to interfere with the telephonic current. 
The electrostatic capacity of the so-called ** conference," or 
standard, cable is usually rated as .8 micro farad. 

All the conducting wires are carefully insulated by being 
wrapped about with prepared paper coverings, and each pair is 
twisted together as shown in Fig. 252. This '*dry*' insulation 
is preferable to some former practices of surrounding the wires 
with paraffme or other readily fusible material, since the insula- 
ti(.>n is in no way seriously affected by any degree of heat that 
the lead sheath can withstand. The wires are thus less likely to 
be short-circuited with one atvo\.\v^t, ot ^\o>\^d^d by electrical 
contact with the metal oi the s\vea\.\v. 



CABLE LINES, 



As 1 



\ have seen in the last 
ng electrostatic disturb- 
rcuit around each other 
lis is perfectly practicable 
possible neutralizes t 



Twfsted Pairs of Wins. 

chapter, the best method for 

ances is to twist the two wires of 

through the whole length of the line. 

in cable construction, and as fuiiy 

outside electrical disturbances, either between the different 

circuits or such as leak through the inclosing sheath. 

Testing and Connecting a Cable Line.— In connecting a 
cable line formed of a number of cable lengths, each of which 
must be unwound from the large reel on which it is shipped, it 
is particularly essential that no moisture should be allowed to 
reach the insulating covers of the wires. Such an accident 
would involve short circuiting or interference, and necessitates 
the cutting away of such lengths of the cable as are found so 
affected. The presence of moisture or other causes of 







grounded " or interfering circuits may be discovered by testing 
each wire in a cable length before it is spliced. This may be 
done by connecting a battery to one end and an ordinary electric 
bell or a galvanoscope to the other, when the test is made for 
"continuity," or by connecting the same end terminal of each 
wire of a circuit, the one to the battery, the other to the bell, or 
the wires of each circuit with those of every other, in succes- 
sion, when the test is made for crosses and grounds. These rire 
only simple tests, various conditions demanding other and more 
exact methods. 

Splicing Cables. — The testing completed, the splicing of 
the cable lengths proceeds. This involves tight connection of 
both wires and sheath. Each twisted pair of wires is carefully 
selected out, untwisted and " sk'umed" Oi\TOtt'g)i\ a. ■s\\tix^ ^■>.%- 
lanccj- ibea carefully twisted, each wvrc to vV^ totte.v^'Ci*-'*^^ ■■■" 
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the next cable length, and separately rewound with insulation. 
The wires are then laid together as compactly as possible, being 
first carefully ** boiled out '* by ladling boiling paraffine over the 
joint until all traces of moisture are eliminated, as indicated by 
the absence of air bubbles in the paraffine. Next, the joint is 
carefully wrapped with cotton wadding, which layer is also 
** boiled out" in the same manner and for the same purpose, 
and on the completion of this task the lead sheath is joined by 
an ordinary ** wipe joint," such as is made at the joints of lead 
water pipes in house plumbing. As soon as two lengths have 
been spliced the line men may proceed to draw the cable through 
another section of the conduit. 

Separating the Circuits. — In order to determine the con- 
tinuity of any given twisted pair of wires in a cable, either for 
the purpose of connecting a cable lo a pole line or determining 
exactly which subscriber's circuit it represents, each pair must 
be tested through on the completion of tne line, and the identity 
of each marked at convenient places, as on cable tennioals. 
In this case the pair is generally designated by its proper 
number, as, for example, " 120 and mate." 

Method Followed in Interior Work. — Where a large 

number of wires are bunched into cables, as in the construction 
of intercommunicating systems and in some exchanges, it is 
customarv to make the insulations of the different wires of 
various durable colors through a series of rotations. Thus the 
line wire has one designation and the test wire another. The 
rotation is shown in the following table: 



FIRST SERIES. 



SECOND SERIES. 



THIRD SERIES. 



Red 

Blue 

Green 

Brown 

YMo\w 



TlCST. 



While 



t( 



(• 



<( 



J^INK. 

Red 

lilue 

('»reen 

Urovvn 

YeWow 



Test. 



Red and White 
<< 



I^INE. 



Red 

Blue 

Green 



Test. 



\ 



Blue and White 
<< 
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the test wires in all possible combir 

.„.g of the line wires also, a large t _ 

lay be perfectly separated into the proper pair 
ithout diificully and spliced or connected accordingly. 



By striping 
combining ihe strip 



lumbei 



Underground Conduit Construction. — The lead-sheathed 
cables of telephone lines are not buried in the ground, as are 
water and gas pipes, but drawn through regularly constructed 
conduits, composed of a number of pipes laid one upon anothe''. 
These pipes are made of earthenware, shaped so as to fit closely 
from end to end, of specially prepared wood — these are called 
"pump logs," from their resem- 
blance to the wood pipes used in 
old-fashioned pumps — or are 
built up of cement and concrete, 
each successive layer being 
made by cementing around iron 
gauie semi-elliptical moulds. 
In making conduit lines with 
viirified earthenware pipe 
lengths, the ends of each pair 
are carefully cemented and the 
joint is wiped clean inside, so 
as to avoid ridges that might 
injure the lead sheathing, by 
drawing an instrument called a 
°''*~'"""°' "mandrel," a length of piping 

of the same si/e as the conduit bore, carrying at its further end a 
flange of rubber of a somewhat larger diameter, which, when 
drawn through the newly cemented joint, wipes it smooth. 
The mandrel is placed in the first length of pipe laid down and 
is drawn forward with a hook as fast as the cement joints are 
made. At stated intervals, generally at about the length of the 
standard cable section, the conduit system ends in a manhole, a 
small cemented room underground, ^o X\\a\.\.\\e li-ni'i^i^ ■^vs^^^'i^^^ 
maybe broughi together and spWced, \t^ \a-^vo.^ ^ ^***- "^"^ ' 
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first process is to pass a length of heavy flat steel wire, com- 
monly called a "snake," into the desigriated duct, and push it 
through to the next manhole. It is there pulled ihroii^'li. 
carrying a rope attached to its end, by which in turn the tabic 
length is drawn into place. 

Overhead Cable Construction. — In some cases, particu- 
larly on short lines exposed to inductive disturbances Irom 
power and other electrical circuits, it is customary to string Ihe 
cables on poles such as usually carry the bare conducting wires. 
It is not necessary, however, to 
insulate the cable in any way; 
consequently it is merely hung 
to a supporting wire rope or 
cable, called the " messenger 
wire," being attached either with 
some form of hanger, such as is 
shown in Fig. 254, or by loops 
of tarred marline. The marline 
is sometimes wound over the 
cable and messenger wire from 
a bobbin such as is shown in 
Fig. 25s, but as frequently it 
is merely wound on by hand. 
Cables used in such overhead 
construction differ in no essential 
I those just described. Both consist of bundles 
of wires, the pairs twisted together. The size most often used 
is Number 19, B. & S., which is about .03589 inch in diameter, 
weighs 20.7 pounds, and has a specific resistance of about 8 
ohms to the mile. 

Separating and Connecting Cables. — When it becomes I 

necessary to transfer a cable line to an ordinary pole-Strung 1 

line, or the opposite, or when a cable line is to be connected lu ' 

the cenlrai exchange, some iovm ol x\vft ^e^^tsi &eNV.eL t-aawB ai | 

a "cable terminal " is used. "YVvene ita maii-i •i.a.vvi--a,= 
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mbin; 



nal, but all constructions for this purpose are ( 
of pairs of binding nuts, most often associated with carbon 
fuse protectors, for receiving and connecting the pairs of 
;s in the cable with the two sides of pole-strung circuits. 
258 shows a typical form of cable terminal of the type in- 
led for an exchange terminal. It consists of a long iron box, 
which is to be mounted on a slate base, and carries double rows 
of connecting nuls, combined with carbon and heat coil protect- 
ors, down either side. At each end is a short section of brass 




tui)ing, to which the lead and tin sheath of the cable is soldered. 
Inside the box the sheath is cut awayand the wires are " fanned 
out," or separated, just as the several sticks of a spreading fan, 
and attached, each pair to a given pair of nuts. To each pair 
of nuts are also attached two other terminal wires, which enter 
the box from above, and are likewise gathered into bundles or 
cables, which are led to the cross-connecting board, to be 
attached to the switchboard. This arrangement may be under- 
stood from close study of the cut. Fig. 257 shows such a ter- 
minal box closed and ready for attachment to its base. 



\ 



Jsfi.— The Coolc poll 




Pole Terminals. — Terminal boxes intended to be attached 
1 [Kiles and to effect connection betweeu au i\\\6.c\^'5u\i'*N^ ir^^^t 
i<i an overhead wire line are con?,t.rMttei ivi \.\v«. ^.ikw^*:. ^f^.-v.'"^ 
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principles — the cable being lel in and solriered at the base, and 
;he wires attached, bunched together and brought uut to ihi 
;:ro5S arms at the top. Such a terminal is to be enclosed in 1 




vooden box on the side of the pole, after being first s 

■rubber gasket. 

Anothev type of pole \.evmu\a\ S.^ ^\vo\-;a \w ■?\'it.. I'st.,^ 
po/e-top terminal. As its name ^■aAvtia.vea. \v v^ \-a.v«,a« 
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t secured to the top of the poie. It consists of a circular cast 
X, as shown, into the bottom of which Ihe cable is led up, 
.hen fanned out and the wires connected to the connect- 
; posts, with the line wires, through suitable air-tight fuse 
Each circuit connection is suitably numbered, as shown. 
le arrangement is complete a quantity of unslacked lime 
> placed within the box, and the cover is screwed on with a 
ubber gasket, as in the other type of terminal. A copper cover 
j then placed over the terminal box, as protection against the 



Exchange Terminals and Distributing Boards. — Fig. 
259 shows the type of distributing board furnished with Ihe ex- 
change equipment of the Sterling Electric Co, It consists of a 
case containing a number of such cable terminals as are shown 
in Fig. 258, each equipped with suitable protectors. The 
switchboard v/ires are bunched together and led out at the top 
of each terminal bos to the proper section of the switchboard, 
where they are again fanned out and attached to the jacks. In 
large exchanges it is necessary to employ rather complicated 
cross-connecting boards, frames supporting shelves for the 
cables and carrying fused connectors, to which the switchboard 
wires are attached at one end and the exchange cables at the 
other. Thus whenever any shifting of the line connections is 
necessary, the wiring of the switchboard need not be disturbed. 



Arrangements for Different Circuits. — In telephony 
grounded circuits are now seldom used for the speaking cur- 
rent, except on short lines. Consequently, most of the prin- 
ciples of construction hitherto laid down apply to full metallic 
circuits. In ground return circuits only one wire is strung on 
poles, the earth forming the return, but it would be impracti- 
cable to enclose numbers of such wires in underground cables, 
since the effects of cross induction, as well as other electrical 
disturbances peculiar to such civcuvl.?i, >*iou.l.d tcftiiM i.a.llti&<4, 
iervice nearly, if not entire\y, vmp0^s\\i\t. 
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Common Return Circuits. - 

;n fouLid inadvisable to string 
pines, a method icnown as the 
adopted. It consists, briefly, in pn 



station 



vith . 



me cases where it has 
letailic circuits for all 
ion return " has been 
Lriding the linew 



for return, instead of the earth. 




This kind of circuit works very well with a limited numlter of 
stations being handled at a single-wire switchboard, such as 
has been described in.connectirjn with grounded circuits, pro- 
vided the return wire be of sufficient dvavneV-w \.o wvAte. \v.?i.vi\*i- 
uaJ return currents and prevent, as iaT a^ ^■=,^\\i\t>\C'^»»-'??' "'^ 
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multiple through the wires and apparatus of other subscribers. 
It is unnecessary to make it of too great diameter, and when, 
for line wires, Number 12, measuring .0808 inch diameter^ is 
used, a Number 8, of .12849 inch, has been found sufficiently 
large for common return wires on most circuits. 




Fio. 259a.— Circular gau^, showing approximate dimensions of the wire measnros 
on the American, or Brown & Sharpe, Wire Gauge System. 



CHAPTER TWENTY-SIX. 



CIRCUIT-BALANCING DEVICES. 



» 



Repeating Coils and Combined Circuits. — When, as 
frequently happens, il becomes necessary to join into talking 
connection a grounded and a metalHc circuit, when a short 
metalHc line is to be connected with a long one, or when it is 
desired to neutralize the troublesome effects of local induction, 
on some certain section of a line, the readiest and most efficient 
method is to interpose a repeating coil. This device, as we have 
already seen, is constructed on the principle of the ordinary 
induction coil in all respects except that the core is so arranged 
as lo form a complete -magnetic circuit by being twisted about 
the windings so as to completely envelope them. Its use is, 
briefly, to balance connected lines, wherever it may be placed. 
In connecting a grounded circuit to a metallic, the method is to 
attach the line wire to one end of one winding of the coil, the 
other end being groundeJ, and lo attach the terminals of the 
second winding each to one of the limbs of ihe metallic line. 
In the same manner, by the use of two coils, a grounded line 
may be transformed inlo a metallic through a noisy section of 
its length, all the troublesome effects of induction from tele- 
graph and power wires being neutralized. The same is true 
when a long metallic wire is connected to a short one. Without 
a repealing ceil the combination would be almost intolerably 
noisy. By interposing the coil, however, each of its windings 
being attached to the two terminals of one of the lines, all 
■foreign noises are perfectly weeded out. 

Construction of Repeating Ceils. ^Repeating coils, like 
all oilier telephone appliances, are made in different dimensions 
to suit differing requirements. Vox oT&nafj Xvfte. toMvto^-vciwi-, 
Iiotvever, rhe/oJlowing are exccUeat 5.a^te.=.-- TXve cw-t\'=.Sa-!^=*A. 
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of annealed iron wires, Number 24, B. & S., and is made of suf- 
ficient length to completely envelope the two windings, being 
bent around them on every side. Both windings are composed 
of Number 31, B. & S. silk-covered topper wire, of .008918 inch 
diameter, Ihe primary being wound to a resistance of about i» 
ohms, thus malting the length about 1.500 feel. After winding 
the coils an I ili? lure the instrument is either clam|)ed to its 



I 




base with metal 
suitable sheath, 
are brought out 

Repeating Coiis on Special Circuits. — AIi!iom; 
dinary exchange work, such as the connection of a grounded 
and a metallic, or a short and a long circuit, repeating coils are 
sometimes made witli both windings of equal dir 
regards length and size of wire and resistance, the requirements 
in other cases demand such a degree of inductive transformatuia 
as can be obtained only by making the windings of differing 
Figs. 263 and zd^ show two instances in which this 
Mr praciice: has bceniodwi v.\\e toq^X. silv^X^^w&iX*.. TVt-^ \y.Mv 
>ecifications for line wovV luv^\>\vci -^^W xv^ tv^^s^ 
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Swedish translators, and areas follows: The diagram in Fig. 
263 shows the method of makinga full metallic out of a grounded 
tninking line thruugh a section of its length by interposing a 
repeating coi! at either end of the metallic circuit. For this 
purpose Ericsson translators are made with a primarj- winding 
of about 180 ohms resistance and a secondary of about 320 ohms, 
an arrangement which involves the raising of the potential as 
the telephonic line enters the transformer circuit, and the lower- 
ing of the potculial as it re-enters tlie grounded circuit at the 




opposite terminals. Fig, 364 shows an interesting triplex 
arrangement, as readily applicable to exchange station and 
private line circuits as to the trunking lines shown in the 
diagram. By the use of four of the five-terminal trans- 
lators, such as is shown in Fig. 262, two metallic circuits 
may be arranged so as to permit of the three telephonic mes- 
sages being transmitted at llie same time, without inter- 
ference, The arrangement is, briefly, as follows; Fach of these 
five-terminal transformers consists of a, ^tinva't'j vtw\d'.w;f,cit \.-\<i 
uhms resistaace and ot a secondav^ oi ^l^Q ^i^wasi. Cvj-fSR.- 
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quently the circuits designated respectively as T^ and T"^ have 
a total resistance of 680 ohms for the translator secondary 
windings in addition to the general ohmage of the line wires. 
The line, Z"', which is shown connected to the fifth terminal of 
every coil, should have a similar degree of resistance if the 
triplex arrangemement is to be maintained without inductive 
and other disturbances. This result is accomplished by attach- 
ing the fifth terminal of each coil to the center point of the 
secondary winding, so that, entering at this center point of the 
two coils at the transmitting end of the line, the current i 
traverses one-half of the secondary winding of each, going . 
thence over the test wire of Line i and the line wire of Line 2 
to the opposite station, where it again traverses one-half of the 
secondary windings of both coils to the terminals in the switch- 
board jack, as shown, or in the subscriber's apparatus. The 
resistance of each secondary winding being, as we have learned, 
340 ohms, one-half of each would give 170 ohms, with a total 
of 340 ohms at each end of line T^^ or a total of 680 ohms for 
the entire circuit, in addition to the general line resistance. By 
this arrangement the lines are kept perfectly balanced, and 
there is no interference, cross talk or leakage possible even if all 
three are in constant use. 

Pupin's Long-Distance Telephone Cable. — Under the 
general head of circuit-balancing coils it is proper to place 
Prof. Michael I, Pupin's recent invention, which, as is believed, 
has solved the problem of long-distance telephony beyond 1,000 
or 1,500 miles, hitherto considered the limit, and made possible 
transatlantic telephone communication. Hitherto the greatest 
obstacle in the way of achieving the latter feat has been the 
high static capacity of the cable. Consequently, in view of the 
fact that better transmitting instruments have seemed impos- 
sible, various inventors have busied themselves with the problerfi 
of devising improved cables, in which direction all have been 
isuccessful. It has beetv demot\s»U;\V^e^ \\v^.v \\v^^^^^ ^\iR.\.<^ 
? 5e/f-ind action oi a c\rcu\\. \:x^^ 9^ <\^'^x^^'5.\>^\vvcv^n^cv^^^v.^, 



|M F, while that due to the capacity is go degrees in advance, 
experiment has demonstrated that the one may be made to 



jther. The situation as applied to 1 
been well expressed by Kempster Millei 



ttitraliz 
tephony 
plows: 

"Unfortunately for long-distance telephony such a bal- 
glcing of self-induction against capacity can be obtained only 
: frequency at a time. To thus tune a circuit for one 
fcrticular frequency would render that circuit capable of trans- 
Btling efficiently one particular frequency of vibration, while 
irements of telephony are that all frequencies within 
; of the human voice shall be transmitted with equal 
Cility. Again, and unfortunately, it has been found impossible 
Ineutralize distributed capacity with anything but distributed 
iuction, and this has not yet been accomplished in 
act ice." 



Choking Coils in the Circuit. — After an elaborate series 
' experiments Prof. Pupin has demonstrated that ihe static 
acity of a conductor may be offset by its conductance by 
use of choking coils distributed at intervals of every eighth 
1 mile. By the use of these coils the circuit may be com- 
:ely "tuned," and all "blurring" of the speaking current 
fcectaally neutralized. His coils are of the ordinary pattern 
led with electrical circuits, consisting briefly of a coiled wire 
T high self-induction, containing a laminated core. Both wires 
of a circuit arc passed through such coils, the best arrangement 
being, probably, to superpose the windings, as in ordinary 
transformers. In this respect a choking coil differs in nothing 
from the ordinary transformer or converter, any form of such 
instrument giving the desired effect when its secondary winding 
is left on "open circuit." Prof. I'upin's invention permits the 
use of steel wire in the cable instead of copper, allowing also a 
much smaller size of conducting wire, and in these advances on 
u icurrent practice cannot fail to revolutioniKe telephonic c 
^■tt>a on hag-distance circuits. 



m 



CHAPTER TWENTY-SEVEN. 



METHODS OF MEASURING V^IRE. 



Wire Gauges. — There are two leading gauges for giving 
standard sizes to the diameters of wire — the Birmingham Gauge 
(B. W. G. ), still used in England for all kinds of wire and in 
this country principally for iron wire, and the American Wire 
Gauge or Brown & Sharpe (A. W. G. or B. & S. ), used for 
copper wire. The size of any given specimen of wire maybe 
determined either with a circular gauge, such as is shown on 




Fig. 265.— Micrometer screw for determining the Rausc size of \nres. 

pages 303 and 314, or by a micrometer screw gauge, shown in 
V\;X- -^>5- ^'1 tli^ former case the wire ends are passed into the 
holes until the nearest fit is f(.»iind. In the latter the screw, 
having forty threads to the inch, is turned until it touches lightly 
the end of wire placed against the anvil. The collar on which 
the screw turns is graduaVed \v\Vo v^e^vvvVvs v^'v. a^cv vcvv:3cv^ ^;a,cU sub- , 
^ividcd into four parts, so v\vav, Vwo\\\\a^ v\v^ xv>x\s^^^ ^V v^w. 
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The advantage of the Brown 5c Sh;iype Gauge over all oHiet* ij 
that the diameters t>f wire decrease in the geometrical ratio rf 
■ i.i6, or the cube root of 2, as the gauge numbers increase. 
Thus the sectional area of the wire is doubled every three num- 
bers. No other gauge has such a svstem. 

Measuring Wire by Weight. — Of late years the custom is 
becoming increasingly common of measuring wire by its weight 
per 1,000 feet, or per mile, instead of by its diameter. This 
system has its advantages and may be as accurate as the other, 
since, for a given quality of wire, the weight and diameter must 
'have a constant ratio. Therefore, in buying a wire that weighs 
so much per mile, we are sure of the desired diameter and cross- 
sectional area. On this plan wire may be also measured in 
terms of its resistance or by the "ohm-mile." Two rules, given 
by Herbert S. Webb, are useful in this particular : (a) "The 
weight in pounds per mile can be found by dividing the square. 
of the diameter in mils by the constant 62.57 ; and, conversely, 
the diameter may be found from the weight by multiplying the 
weight by 61.57, ^'^'^ extracting the square root of the number 
obtained, (b) The resistance in ohms per mile is found by 
dividing the constant 890 by the weight per mile. " The accom- 
panying table gives the necessary figures for the gauge sizes, 
weights and ohmage of copper vvire. 




USEFUL DEFINITIONS AND HINTS ON TELEPHONE 
MANAGEMENT. 

A. W. G.— American Wire Gauge, or Brown & Sharpe 
Gauge, the standard gauge for copper wire in iheUnited States. 
The several sizes of wire on this system increase from the 
smallest in a. geometrical progression, whose ratio is i.a6, or 
the cube root of 2. Thus every third size doubles the diameter x. 

B. &. S. — Brown & Sharpe Wire Gauge. American Wire 
Gauge (A. W. G.) introduced by and named for the firm of 
Brown & Sharpe, of Rhode Island. 

Bridge.- — As this word is used in connection with tele- 
phonic circuits it refers to the method of connecting any elec- 
trical instrument, such as telephonic station apparatus in a party 
line, between the two sides of the circuit. 

Bus Wires: Bus Bars. — The word "bus" is undoubtedly 

derived from "omnibus," which means " for all things." It is 
used to designate the wire, rod or bar attached to the dynamo 
or battery for the purpose of distributing power, which is taken 
off by bridged connections at every desired point. 

B. W. G. ^Birmingham Wire Gauge, or standard gauge, 
the gauge for measuring wires used in England. In America it 
is applied mostly to iron wire, copper being measured by the 
American Wire Gauge, or Brown & Sharpe. 



Capacity. — This word is used to designate the i 
electric charge a plate or conducting surface is capable of 
eiving and retaining, as manUes\e*ib^' "\^.'i. a^'X'.X'^ ^» xcX-i-.^ -a. 
aia degree of electrostatic potuntiaX. \.'(. "^^ a- 'iQ'wi'<&-«'s^"^"^*=> 
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of importance in connection with line construction, which 
involves electrostatic conditions similar to a condenser. 

Coofficient. — This word means literally, *' jointly efficient'* 
or ** acting or operating along with." Both in mathematics and 
physics it involves the idea of multiplication, being such a 
number as, when multiplied by another expressing degree, will 
give the difference in some physical condition. Thus, if we 
know the number expressing the expansion of iron through one 
degree of heat and multiply by 100 we have its expansion for 
100 degrees. The number for one degree is then the coefficient. 

Conductance. — The conducting power of a given mass of 
conducting material of given shape and length. It varies with 
the cross-shape, directly as the cross-section, and inversely as 
the length. 

Conduction. ^7-The process or act of conducting an elec- 
trical current. 

Conductivity — The relative power of conducting the elec- 
trical current, or providing a path for it. The opposite of 
resistance. 

Crcosoting. — This is a term used for a process of preparing 
wood so as to increase its durability. The wood is placed in 
an iron chamber from which the air is exhausted, drawing the 
sap from all the pores. It is then subjected to treatment by 
high pressure steam, after which crude petroleum is forced inti» 
the wood under a pressure of 300 pounds to the square inch. 

Dielectric. — A term used for non-conducting substances in 
general, but more usually for layers of such material placed 
between the conducting plates of a condenser, IVke the glass of 
a Leyden jar, or the paraffine used in ordinary condensers. It 
permits induction, but bars a current. 



ir. — This word is used to designate any such projecting 
piece on a mechanical conslrucXioiv a^ ^V\V ^^rve to support. 
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hang; or attach some other piece of the contrivance. It often 
means the same as "lug." 

EMF. — -Klectromotivc force. This is a name given to the 
form of energy which is given off from a battery, and emerges 
on the circuit in the form of pressure, causing all electrical 
effects. 

Impedanea. — This word means literally any form of hin- 
drance (ji obstacle to the electrical current, true as well as false 
resistance, but it is generally used as a synonym for the retard- 
ing effect of induced magnetism; retardation. 

Limb. — This term is used in electrical parlance to indicate 
either side of a circuit. The line or the return wire is a "limb. " 
The two together are spoken of as the "limbs " of the circuit. 

Lug. — -In mechanical construction this word is used for any 
earlike projections, such as are used for attaching one piece to 
another, either by screws, pins or hooks, or by simple support. 

Maxiniuni. — This is the Latin term for "greatest," and is 
used in scientific language to indicate the point at which any 
force or fact reaches its highest development or intensity. 

Mil.— From Latin mUU, a thousand. It indicates the thou- 
sandth part of an inch and is used to accurately indicate the 
diameter of wires, etc., in decimal figures. It is .0000S3 foot. 
The circular mil is the unit of area and is .78540 sq. mil, or 
.00000056 sq. in. 

Molacule. — This word is used to indicate the hypothetical 
minute particles supposed to constitute all matter. Chemically 
a molecule is the combination of several atoms, or ultimate par- 
ticles, of different substances. 

Multiple. — Tiie word multiple refers primarily to any- 
thing composed of a number of like parts, or to a multiplication 
of a thing. In electrical parlance it is used to describe the 
melliud of connecting an e\ectr\ca\ AeVvee \ifc'o»i>t«.^ "i^Nt v^-a 
iiiabs of a iine, on a "bridge." Tta.\s \^ aS.'&o c:!ii^<t.'ii>.'^'S'^'^i^J'^'^"j 



326 A B C OF THE TELEPHONE. 

connection. In the multiple switchboard a number of jacks arc 
thus connected between the two limbs of each separate tele- 
phonic circuit. 

Normal. — This word is used in electrical science and 
mechanics to indicate the resting condition of a machine. Its 
usual meaning is correct, true, proper, healthy. 

Phase. — This word expresses the form of a wave in oscilla- 
tory motion at any given period of time, or the comparison of 
that position with the standard position. The complete angle 
of a phase is 360 degrees. 

Positive. — This name is given to one pole of a battery and 
also to the electrical energy found on it because it seems to be 
the active agent emerging from the cell, while the ** negative" 
appears to be the return side of the circuit. 

Potential. — The power of containing or giving off electrical 
energ)'. The current is a phenomenon of the passage of energy 
from a point of positive to a point of negative potential ; the 
former representing the power to give, the latter the reverse. 

Relay. — An electro-magnet, which, when energized, attracts 
its armature with the result of closing an auxiliary circuit or 
making some other mechanical effect. 

Self-induction. — The production of an induced current in 
a circuit by some variation of the degree of the electrical 
energy, due to the expenditure of energy in creating an electric 
field. 

Series. — The method of attaching cells or electrical con- 
trivances in circuit by passing the energizing current completely 
through each of them on its way from one terminal of the cir- 
cuit to the other. 

Short Circuit. — A term used to express the fact that a cir- 
uh is made between the poles ol ^ battery s/iorf of the contri- 
wce intended to be reached. Ktv>j eovv^wcxo^ 's.^^^ \wv^xt^^'^^^ 
tween the limbs of a cVrml. ma>f pxodxxe^ W^ x^'s.vW.. 
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Shunt. — This word is akin to "shun," and mea 
1 turning-aside from." In electrical parlance it refers to a 
Ebsidiary circuit connection by which- a part or the whole of 
ne current may be turned from the main line. In railroading 
[t refers to a side track. 

Step by Step.— This is an electrical expression to describe 
lachine or effuct operated on the principle of energizing a 
P'telay by success! i-e impulses so that a ratchet or escapement 
may be operated. 

Teleseme. — A step by-step contrivance consisting of !wo 
dials, on one of which a hand is turned to any desired point, 
indicating some particular signal, operating electrical mech- 
anism to bring the hand on the other to the same point. 

Thermopile. — An electrical contrivance consisting of alter- 



laye 



of dis 






1 electrical curr 
of electrical science where ; 



lated by applying heat. 

Tranifocmer.—An induction ci 
electromotive force, or pressure, of a 
of use in many branches c 
in potential is necessarv. 

Vulcanizing. — A process of treating wood by heating in i 
closed vessel to about 530 degrees, Fahrenheit, with the rcsul 
of coagulating (he sap and rendering the wood more durable. 
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TELEPHONE " DON'TS." 

Don't tap on the diaphragm of the transmitter or receiver 
with a pencil or other article. You may injure the apparatus; 
the ear piece of the receiver may be removed and an examina- 
tion of the diaphragm made. If bent, replace it with a new 
one and screw on the cap until it sets firmly in place. 

Don't drop the receiver or throw it down; you are apt to 
break it if you do. The shell is made of hard rubber and is 
brittle. 

Don't experiment with the interior mechanism if you are 
not posted on telephony. 

Don't talk in a loud voice because 3'^ou do not hear the 
speaker at the other end of the line very well. The difficulty 
may be in your receiver. 

Don't expect satisfactory results when your receiver cord 
is broken, binding post screws loose, or where interior contacts 
have grown poor from want of attention. 

Don't expect your telephone to give satisfaction if the bat- 
teries are exhausted or connections at binding posts corroded. 

Don't expect your telephone to operate if you have forgot- 
ten to hang up the receiver and left the battery on a short cir- 
cuit for several hours; that is, not until it has recuperated, or 
you have replaced it with another. 

Don't place on top of the machine articles of metal. If 
you do, your telephone may short circuit and you cannot call 
out to line. 

Don't oil the hinges of the bell box. 

Don*t open the door out. ol cvirvo^wj ^\i^ ^^tl S.^x'^^jfi^^ xs^ 
}ock it iigain. 
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Don't short-cir< 
^1 between the light 



ints. 



Don't stand too far from the transmitter while talking, 
iber, a good telephone is so constructed that it will not 
bther up distant sounds and is adjusted with a view to short- 
Bnge operation. Talk from two to six inches from the mouth- 
, according to the length of line over which you are talking 
^d the privacy of your conversation. 

in't talk loud — it is unnecessary — but talk clearly and 
t too fast. 

Don't blame the telephone if you do not perfectly under- 
stand at all times the party at the other end of the line. 
Remember, that all voices are not alike; some are particularly 
well adapted to telephone conversation, while others are very 
unsatisfactory. 

Don't complain to the office that your telephone is out of 
order until you are sure of it. Trouble at the other end of the 
line will, in all probability, affect your own instrument. 
Don't forget to ring off when through talking. 
Don't expect to obtain good results unless you do your 
share in keeping up the apparatus and line. 

Don't expect the best treatment in the world at the hands 
of exchange operators it you have given them occasion to put 
your telip'ione on the list of "chronic kickers." 

Don't waste the operator's time in useless talk. Remem- 
ber, there are other subscribers to the exchange who also e.vpect 
her prompt response to their calls. 

Don't lose your patience; you are simply powerless, and 
loss of temper only makes a bad matter worse. If the exchange 
is not treating you properly, report it, and if no relief is 
afforded, provided you are in the tight, order your telephone 
taken out. 

—Standard Td. ^ E-Uc-T-o. 
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TELEPHONE TROUBLES. 

Bells will not ring.— C^use: Broken wire in bell box; 
or jjround wire — short circuit if bridging metallic, 
grounded il bridged ground. 

Receives and Transmits a ring feebly.— Cause: Bad 
connections in bell bos, or poor ground —resistance cross ii 
bridging metallic — resistance ground if bridged grounded line. 

Rings ether bells strongly, but its own bells are weak. 
— Cause: Ringing magnet weak, or armature adjustment bad. 

Rings other bells feebly, but received ring is strong. 
— Cause: Generator weak, or armature adjustment bad. 

Receives a ring, but will not ring its own belts. — 
Cause: Wire broken in generator, or armature short -circuilefl. 

Rings but cannot talk. — Cause: Broken cord, bad con- 
nections or hi.Kik <l<>t's not ill) up lo place^Iine open if bridged. 

Can ring, but can get no response. — Cause: Line badly 
grounded or broken and grounded; if bridged, line open. 

Cannot ring or receive a ring. — Cause: Wire broken 
office or line — ^short circuit if bridged metallic — grounded 
bridged to ground. 

Two switchboard drops (all or two bells ring together. 
Cause: Office wire or line wires crossed. — If common re 
wire, return wire broken or annunciator ground broken. 

Bell rings frequently without apparent cause. — Ca 
Swinging cross with telegraph or other lines. 

Receiver weak. — Cause; Bad connections, diaphragm bent 
or dirty, position of diaphragm not correct (should be j^" from 
magnet), or permanent magnet weak. 

Speech received is strong, but transmitted is vvMik. 
— Cause: Speaker stands loo far from telephone, or battery 
weak. 

Speech indistinct witVi a \wtaW\T\>i, \iMi.i:\Tvii'«.^^,v:^,— 
[use; Loose connection al i-vwctov^^^^"*:- 



bust 

ft. 
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Spluttering or grating noise in teiephone receiver. — 

se; Loose connection al Liattery, transmitter or hook. 

Can hear but cannottalk.^Cause; Primary circuit open. 

Be sure the batteries are properly connected. — Keep 

eries in good condition, as per instructions posted on same. 
■Connect one battery wire with the zinc pole of the battery, the 
other with the carbon pole of the battery. In connecting two 
batteries together, connect from carbon to zinc. Never connect 
zinc lo zinc or carbon to carbon. Battery zinc must be kept 
clean and free from crystals and renewed if badly eaten. 

The battery cell should be free from crystallized sal-ammo- 
niac. The solution should reach the neck of the jar. 

Battery wire connections must be carefully guarded against 
corrosion. 



—Observe the interior v 
as sagging wires, two w 
e receiver well pressed to the 



derstorm, 
nciatoror in the ringing 



Observe the following 

repair all slipshod work, such as sa 
the same staple, etc. Keep the rec 
when you are listening. If a line i: 
a wire is probably burned off in an 
magnets of a magneto bell on the line. 

If the diaphragm is bent or rusty, substitute a new one. 
Contact points should be soldered, and all working parts of the 
instrument free from dust and corrosion. Cords should be tested 
carefully for breaks. 

Bells should have wire connections well fastened and points 
of contact soldered. 

See that all binding post connections are tight, 

e carefully the points or teeth of lightning arresters 



after each storm, to see that plal 

other by fused points. The points should always be 

about the thickness of a sheet of paper. 

Dry ice is an excellent insulator, and a good groui 
frozen earth is absolutely worthless. 

When bell rings, or persons are heard talkiwif, c 
more lines Simultaneously, the Vines ate \v\ cowVaK-V, ■; 



:parated 



(u-r 



1 ground i 



: broken. 



-Western TtU Cow. 
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